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GEOLOGY  OF   THE    NANAIMO 
MAP-AREA. 


CHAPTKR   I. 


INTRODUCTION. 

GENERAL  STATEMENTS  AND  ACKNOWLEDG- 
MENTS. 

The  Nanaimo  map-area  includes  the  larger  part  of  the 
Nanaimo  coal  field  and  all  of  its  producing  coal  mines.  The 
Nanaimo  coal  field  is  the  most  important  of  tht;  Coa>t  region. 
It  has  been  the  seat  of  a  flourishing  industry  for  GO  years,  and 
has  a  very  promising  'ature,  with  a  probable  coal  reserve  of 
over  a  billion  tons.  At  present,  it  produces  over  a  million  tons 
a  year,  more  than  one-third  of  the  entire  production  of  British 
Columbia.  The  elucidation  of  the  geology  should  be  helpful 
to  all  interested  in  the  area,  in  particular  to  those  prospecting 
for  the  extension  of  the  known  coal  seams.  This  report  presents, 
in  a  fairly  detailed  manner,  the  information  gathered  in  the  field 
and  is  accompanied  by  maps  indicating  the  di.stribution  and 
extent  of  the  various  rock  formations,  the  position  of  the  out- 
crops of  the  coal  seams,  the  probable  extent  of  the  coal  seams 
and  their  relation  to  the  rock  formations,  the  geological  stracture 
of  the  region,  and  the  depths  of  the  coal  horizons. 

In  the  work,  the  writer  received,  with  one  exception,  the 
co-operation  of  all  the  coal  companies  operating  in  the  rlistrict. 
Those  who  gave  assistance  are  the  Canadian  Collieries(Dunsmuir) 
Company,  Pacific  Coast  Coal  Mines,  and  Vancouver-Nanaimo 
Coal  Mining  Company.       Special  acknowledgment  is  due  to 
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Mr.  W.  J.  Sutton,  geologist  for  the  Canadian  Collieries  Company, 
who  %'ery  kindly  gave  the  writer  much  information  and  assistance 
and  accompanied  him  in  the  field  on  several  occasions. 


FIELD   WORK. 

The  report  is  based  on  the  detailed  geological  examination 
carried  on  during  the  summer  of  1911.  The  Nanaimo  topo- 
praphical  map,  prepared  in  1910  under  the  direction  of  II.  H. 
Chapman,  v,  is  used  as  a  field  maj).  This  maj)  is  a  fifteen- 
minute  sheet,  prepared  on  a  scale  of  1:  48,000  (1  inch  =  4000 
feet),  hut  for  use  in  the  field  enlarged  photographically  to  a 
scale  of  2  inches  =  1  mile.  Both  the  topographical  and  geolog- 
ical maps  are  published  on  the  reduced  scale  of  l:t)2,r)00 
(about  1  inch  =  l  mile).  In  the  field,  a  fairly  accurate  outcrop 
and  drift  map  was  prejiared,  virtually  every  outcrop  l)eing 
examined.  From  this,  a  bed-rock  map,  a  map  of  the  super- 
ficial deposits,  and  an  economic  geology  map  have  been  prepared 
for  publication.  The  surface  geological  mapping  was  completed 
in  l(>ss  than  three  months.  In  this  work  the  writer  was  very 
aljly  assisted  by  Mr.  John  D.  MacKenz'e.  Another  month 
was  spent  uu  'erground  and  in  getting  data  from  the  mining 
companies. 

LOCATION  AND  AREA. 

The  Nanaimo  map-area,  as  may  be  seen  on  the  accompany- 
ing index  map  (Figure  1),  is  situated  on  the  east  coast  of  Van- 
couver island,  almost  din^ctly  west  of  the  city  of  Vancouver. 
It  consists  of  a  fifteen-minute  rectangle,  between  longitudes 
123°  45'  and  124°,  and  latitudes  49°  and  49°  \Ti.  The  total 
land  area  is  about  175  square  miles  a;d  includes  the  city  of 
Nanaimo  and  adjacent  region,  the  larger  (western)  part  of 
(Jabriola  island,  and  several  smaller  islands  off  the  east  coast 
of  \'ancouver  island.  As  already  mentioned,  it  also  includes 
the  larger  part  of  the  Nanaimo  coal  field.  The  following  politi- 
cal districts  of  \'aiicouver  island  are  included:  Nanaimo, 
Cranberry,  and  Cedar,  parts  of  Wellington,  Mountain,  Douglas, 
Bright,  and  Oyster.  Nanaimo,  with  a  population  of  S,.3()0  in 
1911,  is  the  only  city  in  the  map-area,  altliough  the  southern 


boundary,  the  49th  parallel,  passes  through  the  northern 
part  of  I.adysmith.  Small  settlements  oeeur  near  the  larger 
mines,  at  NorthfieUl,  Chase  River,  South  Wellington,  and 
Extension. 

There  are  many   wagon    roads   and   several  railways  in   the 
area.    The  Esquimalt  and  Xanaimo  railway  traverses  the  area 
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Fifi.  1.    Indci  showing  location  of  N'aniiimo  niap-aro:i. 

from  north  to  south,  and  there  are  several  eoal  mine  and  lumber 
railways.  Thus,  with  the  large  amount  of  cleared  lands,  most 
of  the  area  is  readily  accessible,  tlie  extreme  southwestern 
portion  being  the  only  part  reached  and  traversed  with  some 
difficulty. 

HISTORY. 

A  report  on  the  geology  of  Nanaimo,  whoso  development 
has  been  so  intimately  connected  with  coal  mining  on  Vancouver 
island,  would  be  incomplete  without  a  brief  summary  of  the 
history  of  coal  mining  on  the  island.  The  earlier  history 
has  been  correctly  and  admirably  summarized  l)y  Dr.  G.  M. 
Dawson'  as  follov.s: — 


1  Mineral  wealth  o(  Bri'.ish  Columbia:  Ann.  Uopt.,  Vol  III,  lv;r-<S.  p.  SIR,  1JS9. 
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"The  discovery  of  coal  in  British  Columbia  antedated  thnt 
of  gold  by  more  than  twenty  yciirs,  but  did  not  at  first  produce 
any  effect  comparable  with  that  of  gold  upon  the  history  of 
the  country.  Dr.  W.  F.  Tolmie  was  the  first  to  make  known 
the  existence  of  coal,  on  the  coa.st  of  the  province,  in  1835. 
He  was  then  stationed  at  the  Hudson's  Bay  Company's  post, 
known  as  Fort  McLaugiilin,  on  Millbank  Sound,  and  specimens 
of  coal  were  brought  to  him  by  Indians  from  the  northeast  coast 
of  Vancouver  island,  doubtless  from  Suquash.  Th(^  steamer 
'Beaver',  belonging  to  the  Company,  arrived  on  the  west  coast 
in  18:50,  and  thereafter  small  quantities  of  coal  were  obtained  for 
her,  as  well  as  for  blacksmiths'  ut-e,  from  thi.s  place,  bt'ing 
derived  from  natural  outcrops  on  the  beach.  In  the  year  1849, 
a  coal  miner  was  brought  out  by  the  Company,  from  Scotland, 
to  more  fully  test  the  character  of  the  coal  on  this  part  of  the 
coast,  and  in  1851  a  further  number  of  miners  anil  some  necessary 
machinery  were  imported.  Exploratory  work  by  sinking  and 
boring  was  prosecuted  along  the  coast  of  Vancouver  Island, 
between  Port  McNeill  and  Beaver  Harbour,  till  1853,  but  with- 
out resulting  in  any  notable  discoveries. 

"Meanwhile  m  1850,  the  existence  of  coal  at  Nanaimo 
had  been  luscvrtained  by  Mr.  .I.Vv'. McKay,  and  in  the  following 
year  it  appears  that  most  of  the  miners  above  referred  to,  were 
transferred  from  the  northern  end  of  the  island  to  that  place. 
Work  began  in  earnest  at  Nanaimo  in  1852,  and  before  the  close 
of  1853,  2,000  tons  are  reported  to  have  been  shipped,  chiefly 
to  San  Francisco.  The  price  of  coal  at  Nanaimo  was  .at  this 
time  SI  1.00  and  at  San  Francisco  .S28.00  per  ton.  The  Hudson's 
Bay  Company,  under  the  name  of  the  Nanaimo  Coal  Company, 
continued  to  work  the  mines  thus  ojM'ned  until  1801,  when  these 
were  sold  to  the  Vancouver  Coal  Mining  and  Land  Company." 

Most  of  the  mining  by  the  Hud.son's  Bay  Company  was 
probably  carried  on  from  the  old  shaft,  now  situated  in  the  city 
of  Nanaimo,  west  of  Nicol  street,  although  mining  was  done 
also  on  Newcastle  island,  and  on  the  shore  of  Commercial  inlet 
(probably  near  the  causeway  uii  Commercial  street),  where 
coal,  the  upper  (Douglas)  seam,  was  first  discovered.  Under 
the  Vancouver  Coal  and  Land  (Company,  which  was  reorganized 
in  1889  and  called  the  New  Vancouver  Coal  Company,  most  of 


the  large  collirrios  in  the  immodiato  vicinity  of  Xiinaimo  wore 
oponod  up.  In  1902  th«>  propcrtios  of  the  (•c)nip:iny  wore  tnken 
over  hy  tlip  Western  Fuel  Company,  uiuler  whose  iiianaKenient 
the  collieries  have  heen  operated  to  th<-  present  time.  The 
Western  Fuel  C\mipany  opened  up  the  new  Northfield  colliery, 
or  as  it  is  better  known,  the  Brechin  m;ne,  in  11)05;  and  have 
recently  completed  two  new  shafts,  l,0t)4  feet  in  d.'pth, 
called  tlie  Kes'Tve  mine,  and  a  slope,  the  Dou};las  mine, 
which    was    ahaniloned,  it   is  said    temporarily,   during    1!)12. 

In  1809  or  1S70,  Mr.  Hohert  Dunsmuir  discovered  coal  ;il)i)ut 
5  miles  to  the  northv.-est  of  Nanainio,  at  Wellington,  althou'ih 
it  is  reported  that  he  first  located  the  Harewood  mine,  which  was, 
however,  sold  to  the  Vancouver  Coal  and  Land  Comj)any  and 
was  first  worked  by  them  during  1804  and  180.").  The  Wellins;- 
ton  Collieries  Company,  of  which  Mr.  Dunsmuir  was  the  firs* 
president  and  chief  owner,  was  orfianized  and  beijan  to  produce 
coal  from  the  Wellington  mines  in  1871,  the  coal  heing  shipped 
for  long  di.stance  transportation,  to  Departure  hay.  The 
Wellington  colliery  was  a  large  producer  for  s(  veral  years  hut 
finally  shut  down  in  1900.  Meanwhile  the  same  company  had 
developed  the  Union  collieries  in  the  Coniox  district  in  1888, 
the  Alexandria  colliery  at  South  Wellington  in  the  Nauaimo 
coal  field  in  189.'),  and  the  Extension  collieries  in  the  same  field 
in  1899.  The  Alexandria  colliery  was  shut  down  in  1902,  but 
the  other  two  collieries  have  bei^n  important  producers  to  the 
present  time.  In  1910,  all  of  the  property  of  the  Wellington 
Collieries  Company  was  taken  over  by  the  Canadian  CJoliieries 
(Dunsmuir)  Company. 


Several  other  collieries  in  the  Nanaimo  field  have;  produce! 
coal  for  short  p"riods.  Two  cf  these  smaller  collieries  are  in 
operation  at  present,  the  South  Wellington  or  Fidilick  colliery 
of  the  Pacific  Co:ist  Coal  Mines,  and  the  New  East  Wellington 
colliery  of  the  \'ani'OUver-N!Uiainu)  Coal  ]\Iining  Company, 
both  opened  in  1907.  The  Pacific  Coast  Coal  Mines,  which 
was  taken  over  <luring  the  present  year.  1913,  by  the  Pacific 
Coast  Collieries,  also  operate  ;i  small  colliery  at  Sufpiash,  and 
have  recently  comiiiet(-d  two  new  shafts  in  the  Xanaimo  field 
east   of  South  Wellington,  at  Morden. 


Since  the  bojjinninR  of  coal  ruining  in  the  Xunaimo  district, 
the  industry  has  shown  a  continuous,  although  fluctuatinR 
growth,  and  for  the  last  three  years  hvs  bo^n  producing  over  •<, 
million  tons  a  year.  The  highest  production  was  for  101 1,  when 
it  reached  1,1S4,719  long  tons.'  The  total  production  of 
the  Nanaimo  field  to  the  end  of  1912,  is  nearly  2r),(K)0,0()0 
tons. 

PREVIOUS   WORK. 

Although  the  Nanaimo  district  had  l)oen  previously  visited 
by  geologists,  who  collected  fossils,  the  first  geological  exam- 
ination of  importance  was  made  in  18G0  by  Sir  James  Hector 
of  the  Government  Exploring  Expedition  under  the  commi.nd 
of  Capt.  J.  Palliser.  Later,  Dr.  Robert  Brown,  who  made 
several  explorations  from  1803  to  IStili  on  Vancouver  island  on 
In-half  of  the  local  government,  made  a  short  examination 
of  the  district.  The  first  extensive  examination  was  made  by 
James  Richardson  of  the  Geological  Survey,  who  worked  for 
five  years  on  the  coal-fields  of  the  east  coast  of  Vancouver 
island,  his  results  being  published  in  the  Reports  of  Progress 
for  the  years  1871-72,  1872-73,  and  1870-77.  His  last  report 
summarizes  his  work,  and  is  accompanied  by  a  map  on  a  scale 
of  4  miles  to  1  inch.  ^'  ch  prospecting  has  been  done  and 
many  private  examinations  have  been  made  since  Richardson's 
reports  were  publish;;!'  but  of  the  extensive  inforniatitm  thus 
collected  very  little  has  been  made  public,  although  the  general 
progress  of  mining  and  prospecting  has  been  recorded  in  the 
rej)orts  of  the  Minister  of  Mines  of  British  Columbia  for  1874 
to  1912.  In  190.5,  H.  S.  Poole  collected  some  of  the  data, 
which  appeared  in  the  Summary  Report  of  the  Cicological 
Survey  for  19()o.  D\iring  the  writer's  work  on  Vancouver 
island  previous  to  1911,  little  attention  was  given  to  the  Xanaimo 
coal  field,  and  in  his  reports  very  little  was  puljlished  concerning 
it.  A  large  part  of  the  data  collected  in  the  cHstrict  is  in  the 
h;inds  of  Mr.  W.  J.  Sutton,  geologi.st  of  the  Canadian  Collieries 
(Dimsnmir)  Company,  and  he  very  kindly  co-operated  with 
the  writer  during  the  field  season  of  1911. 


>  Compiled  from  retunu  in  Rept.  Mis.  ot  Uiiiee,  ot  Britiib  Columbii,  fc. 


J^FTsT^^ 


r^smr 


'-'■•,  J 


The  paliicontoloKv  of  the  coal  incasuros,  the  Nanainio  sii-.-irs, 
was  first  specifically  described  hy  Meek,  Shuinanl,  and  Clahb, 
all  United  States  peolojjisis,  but  has  been  most  fully  described, 
as  well  as  suiniiiarizrd,  by  the  hit.'  Dr.  Whiteaves  of  tlie  (ienlog- 
ica!  Survey  of  Canada,  in  Parts  II  and  V  of  Mesozoic  Fossils, 
Vol.  I,  only  one  paper  by  him  apj)earin(j  since  the  publication 
of  Part  V  in  VMi.  In  Part  II,  Whitea  described  the  f.)>sils 
collected  by  Richards(,n  from  IS71  to  1875,  and  in  Part  V,  he 
descri'ied  fossils  collected  by  Hev.  d.  AV.  Taylor,  Mr.  Walter 
Harvey,  and  Dr.  ('.  V.  Xewcombe,  all  residents  of  Vancouver 
island,  as  well  as  those  collected  by  Hector  uurinR  the  Palliser 
expedition,  and  those  from  the  Provincial  Museum  at  Victoria. 
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CHAPTER  II. 


SUMMARY  AND  CONCLUSION. 


GENERAL  GEOLOGY. 

The  Nanaimo  map  aroa  is  a  part  of  the  east  coast  lowland  of 
Vancouver  island.  This  lowland  has  been  developed  by  the 
more  rapid  erosion  of  sedimentary  rocks  of  Upper  Cretaceous 
age,  the  Nanaimo  series,  which  fringe  the  east  coast  of  Vancouver 
island,  and  rest  unconformably  upon  the  resistant  metamorphic 
and  granitic  rocks  composing  the  Vancouver  range  or  upland 
which  constitutes  the  larger  part  of  Vancouver  island.  In 
the  Nanaimo  map-area  the  metamorphic  and  granitic  crystalline 
rocks  form  three  low  ridges  extending  eastward  from  the  upland 
to  the  west.  The  metamorphic  rocks  consist  of  metamorphosed 
ande sites  or  basalts,  of  both  flow  and  fragmental  types,  the?  flow 
types  predominating,  and  metamorphosed  fine  grained  sediments, 
originally  carbonaceous  shales  and  argillaceous  sandstones,  but 
now  cherty  and  slaty  rocks.  They  are  correlated  with  two  of 
the  members  of  the  Vancouver  group,  which  in  southern  Van- 
couver island  includes  lower  Jurassic  and  probably  Triassic 
rocks,  the  meta-volcanics  with  the  Vancouver  volcanics  and  the 
me+amorphic  sediments  with  the  Sicker  series.  The  Vancouver 
volcanics  are  the  most  abundant  in  the  Nanaimo  map-area 
comprising  ihe  two  northern  of  the  three  crystalline  rock  ridges; 
while  the  Sicker  series  forms  only  a  narrow  belt  about  a  mile 
long  in  the  extreme  southwest  corner  of  the  map-area.  Both 
the  Vancouver  volcanics  and  the  Sicker  seri(>s  were  greatly 
deformed  and  intruded  by  granitic  rocks,  probably  in  late 
Jurassic  time,  concomitantly  with  the  intrusion  of  the  extremely 
large  Coast  Range  batholith. 

The  granitic  rocks  within  the  Nanaimo  map-area  are  virtually 
confined  to  the  southern  of  the  crystalline  rock  ridges  and  are 
of  three  types.  The  principal  type  is  a  granodiorite,  which  is 
correlated  with  the  Saanich  granodiorite  of  southern  Vancouver 
island.     The  granodiorite  has  an  older  and  marginal  facies  of 
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gabbro-dioritc,  into  which  it  is  intrusive.  The  last  type, 
intrusive  only  into  the  Sicker  series,  is  a  gabbro  of  sub-porphy- 
ritic  texture  and  is  correlated  with  the  Sicker  gabbro-diorite 
porphy  rites. 

The  granitic  rocks  were  tJiposed  by  erosion  before  the  deposit- 
ion of  the  Nanaimo  series,  which  rests  in  places  on  them.  How- 
ever, the  metamorphic  and  granitic  rocks  we:  not  worn  down 
to  a  lowland,  for  the  surface  upon  which  the  Nanaimo  series 
was  deposited  is  ono  of  considerable  relief,  possibly  as  much  as 
2,000  feet.  Small  irregularities  in  the  surface  may  be  directly 
observed,  and  many  of  the  contacts  of  the  Nanaimo  series  with 
the  underlying  rocks  closely  follow  the  contours  of  present 
elevations,  which  must  have  been  elevations  at  the  time  of 
deposition  also,  unless  far  more  irregular  and  complex  folding 
than  is  elsewhere  observed  is  supposed.  In  addition  it  is  found 
that  the  sediments  resting  on  the  older  rocks  in  some  places 
correspond  with  rocks  considerably  above  the  b.ase  in  others. 

The  Nanaimo  series  consists  of  conglomerates,  sandstones, 
and  shales,  and  some  coal.  In  general  the  conglomerates  are 
composed  chiefly  of  detritus  of  quartz  veins  and  quartzose  rocks, 
the  sandstones  chiefly  of  granitic  detritus,  quartz  and  feldspar, 
and  the  shales  chiefly  of  detritus  derived  from  the  altered  vol- 
cunic  rocks.  Although  the  various  sediments  succeed  one 
another  at  short  intervals  and  few  of  the  individual  beds  have 
any  great  lateral  extent,  yet  the  series  may  be  subdivided  on  a 
lithological  and  stratigraphical  basis  into  various  members  or 
formations,  each  with  its  more  or  less  distinguishing  character- 
istics. As  is  shown  by  its  fauna,  the  Nanaimo  series  is  partly 
of  marine  origin,  probably  estuarine,  since  it  was  deposited  on 
a  surftwe  of  considerable  relief,  and  under  varying  conditions, 
shown  by  the  rapid  vertical  and  lateral  gradation  of  the  sedi- 
ments. As  the  series  also  contains  land  plants  and  coal,  most 
probably  of  fresh  water  accumulation,  terrestrial  conditions 
must  have  alternated  with  marine  conditions.  The  upper 
formation  of  the  Nanaimo  series,  however,  contains  few  or  no 
marine  organisms,  henct;  it  is  possible  that  the  alternating 
conditions  were  finally  entirely  rejilaced  by  terrestrial  conditions. 
The  lithological  character  of  the  sediments,  the  sandstones 
being  composed  chiefly  of  angular  to  subangular  fragments,  and 
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of  a  large  percentage  of  easily  decomposed  minerals,  such  aa 
feldspar,  indicates  a  very  rapid  accumulation  and  deposition  in 
relatively  small  basins.  The  sedimentation  began  in  Upper 
Cretaceous  time,  at  a  stage  corresponding  with  the  Chico  or  the 
Pierre,  and  it  seems  aa  if  the  sediments  were  first  deposited  in  a 
marine  basin,  the  Pivcific  Coast  downfold,  depressed  at  least  as 
early  as  the  upper  Jurassic  folding,  between  Vancouver  island 
id  the  mainland.  During  the  deposition,  the  sedimentation 
transgressed  inland,  at  first  filling  up  the  hollows  in  the  pre- 
Uppcr  Cretaceous  irosion  surface,  and  then  possibly  covering 
even  the  higher  residual  elevations.  The  average  thickness  of 
the  Nanaimo  series  was  at  least  6,760  feet  toward  the  close  of 
its  deposition,  and  to  the  southeast  of  the  Nanaimo  map-area 
was  over   10,000  f'-t. 

It  appears  that  the  Nanaimo  series  was  subject  to  local 
movements  before  the  rocks  became  indurated,  as  very  sharp 
and  abrupt  rolls  occur  even  in  the  massive  beds  without  devel- 
oping any  extra  jointing  or  shearing.  Also  in  the  upper  shales 
are  numerous  sandstone  dykes  which  are  the  result  of  the 
injection  of  soft  sands,  derived  from  the  sandstone  interbedded 
with  shales,  forced  into  joints  in  the  shales  by  local  movements 
when  the  sandstones  were  still  unconsolidated. 

The  Nanaimo  scries  was  moderately  deformed  also,  presum- 
ably in  post-Eocene  time,  since  Upper  Eocene  sediments  and 
volcanics  to  the  south  were  similarly  deformed,  although  the 
scries  may  have  been  uplifted  without  being  folded  at  the  close 
of  the  Cretaceou  ..  The  scries  was  deformed  into  broad,  op(!n 
folds,  complicated  by  small,  closed  folds  and  reversed  faults,  the 
latter  largely  restricted  to  the  western  portion  of  the  basin 
underlain  by  the  series.  The  axes  of  folding  have  a  general 
northwest -southeast  strike,  and  the  prevailing  dip  is  to  the 
northeast.  At  the  norther  rim  of  the  basin,  in  the  vicinity  of 
Departure  b.ay,  the  general  strike  turns  to  the  northeast  and 
east,  while  the  dip  is  to  the  southeast  and  south.  Since  the 
prevailing  dip  is  to  the  northeast  and  since  closed  folds,  to  the 
southeast  of  the  map- areas,  have  been  overturned  to  the  soutii- 
west,  the  forces  cau.sing  the  deformation  must  have  acted  from 
the  northeast,  probably  having  their  origin  below  the  Pacific 
Coast  downfold. 
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Before  the  Glacial  period  the  deformed  sedimentary  rocks 
were  worn  down  to  a  lowland,  which  is  steeply  surmounted  by 
the  crystalline  rock  upland  to  the  west.  The  lowland  still 
retains  considerable  relief,  longitudinal  valleys  having  been  cut 
in  the  soft  rocks  between  hard  rock,  cuesta  ridges,  up  to  700 
feet  high  and  3  to  4  miles  long.  It  also  appears  as  if  the  eastern 
part  of  the  lowland  was  depressed  below  sea-level. 

During  the  Glacial  period  the  map-area  was  twice  overridden 
by  glaciers,  chiefly  by  the  southeastward  flowing,  piedmont 
Strait  of  Georgia  glacier,  which  occupied  the  depression  between 
Vancouver  island  and  tho  mainland,  and  also  by  local  valley 
and  piedmont  glaciers.  As  a  result,  th<;  .^^reater  part  of  the 
map-area  is  covered  with  superficial  deposits  of  various  kinds, 
cor  sting  largely  of  glacial  detritus.  These  deposits  are 
subdivided  according  to  their  lithological  character  a.  \  origin 
into  the  Admiralty  till,  deposited  during  the  first  epoch  of 
glaciation;  the  Puyallup  interglacial  deposits,  stratified  clays, 
sands,  and  gravels;  the  Vashon  drift  deposited  during  the  second 
and  lesser  epoch  of  glaciation;  and  the  Col  wood  sands  and 
gravels,  a  delta  deposited  during  the  recession  of  the  Vashon 
glaciers  at  the  front  of  two  retreating  valley  glaciers. 

Following  the  retreat  (,f  the  Vashon  glaciers  the  region  was 
uplifted  about  400  feet  to  its  present  position.  The  transverse 
streams  crossing  the  lowland  revived  by  the  uplift,  have  terraced 
the  Glacial  deposits  and  have  cut  narrow  canyons  in  the  hard 
rocks.  Alluvium  has  been  deposited  in  lakes  and  swar.r.-j  which 
formed  in  the  poorly  drained  hollows  of  the  drift  mai.' '.  and  in 
dammed  glaciated  valleys,  and  at  the  mouths  of  some  of  the 
larger  streams  deltas  have  been  built.  Along  the  shore,  the 
uplifted  Glacial  deposits  have  been  retrograded  to  form  steep 
wave-cut  cliffs  and  small  beaches  and  bars  of  coarse  sand  and 
gravel . 


ECONOMIC  GEOLOGY. 

Of  the  mineral  resources  of  the  Nanaimo  map-area  the  coal 
deposits  are  of  much  the  greatest  value,  and  have  been  the 
source  of  a  flourishing  industry  for  60  years.  The  only  other 
products  derived  from  the  mineral  ileposits  are  building  stone, 
sand  and  gravel,  and  common  brick.     Other  deposits  which 
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';avo  been  prospected  are  the  impure  limestone  (calcarenites) 
at  Departure  bay,  and  the  mineralized  shear  zones  and  veins 
in  the  crystalline  rocks. 

There  are  at  i)res('nt  throe  productive  coal  seams  in  the 
Nanaimo  district,  the  Wellington,  the  Newcastle,  and  the 
Dt)Uf;las.  The  lowest  scam,  the  Wellington,  occurs  about  700 
feet  above  the  base  of  the  Nanaimo  series.  The  Newcastle  and 
Douglas  seams,  which  are  only  2.j  to  100  feet  opart,  the  New- 
castle being  the  lower,  overlie  the  Wellington  seam  by  about 
800  to  1,000  fe(t.  A  fourth  and  small  seam  overlies  the  Wel- 
lington at  a  distance  of  20  to  00  feet.  It  also  has  been  mined 
in  a  small  way.  The  Wellington  seam  has  been  mined  at 
Wellington,  Northfield,  East  Wellington,  Hannvood  Plains,  and 
Extension,  and  is  at  present  mined  by  the  Vaneouver-Nanaimo 
Coal  Mining  Company  at  East  Wellington  and  by  the  Canadian 
Collieri(>i-  (Dunsmuir)  Company  near  Extension.  The  New- 
castle and  Dougl.'.s  seams  are  usually  worked  together  and  have 
been  mined  extensively  in  the  vicinity  of  Nanaimo.  The  mines 
there  are  operated  by  the  Western  Fuel  Comnany.  There  has 
also  been  a  large  production  from  the  Douglas  seam  south  of 
Nanaimo,  notably  at  C^hase  River,  Southl-.eld,  ..nd  South  Wel- 
lington. In  these  localities  the  Newcastle  seam,  although 
readily  located,  is  of  doubtful  value.  There  is  only  one  mine 
producing  at  ))resent  in  this  district,  namely  the  South  Welling- 
ton colliery  o])er:it<Ml  i>y  the  Pacific  Coast  Collieries.  \'iTy 
recently  the  Douglas  seam  has  been  reached  by  two  new  shaft 
mines,  l)y  the  Reserve  mine  of  the  Western  Fuel  Comi)any,  on 
the  Indian  Reservation  near  the  mouth  of  the  Nanaimo  river 
at  1,001  feet,  and  by  tlu-  Monhni  mine  of  the  Pacific  Coast 
Collieries,  bctw(>en  South  Wellington  and  the  Nanaimo  ri  -er 
at  010  fiet. 

("oal  was  first  jiroducrd  from  the  Nanaimo  coal  licld  in  lS.j2, 
and  to  December  ;U,  l<jr2,  the  field  has  produced  about  21,r)00.000 
long  tims,  ai)pro\imatily  three-fifths  of  the  total  production 
of  British  Columbia.  Tlie  present  output  is  mon>  than 
a  million  tons  a  year,  nvrr  one-third  of  the  entire  output  of 
IJiitish  Columbia.  The  field  has  a  inomising  future  and  the 
probable  coal  reserve  of  the  entire  fidd  has  been  approximately 
er^timated  at  about  I,:il0,u00,000  tons. 


15 


The  coals  of  the  various  seams  arc,  as  a  whole,  much  alike 
and  furnish  a  coking  bituminous  coal  of  fair  grade.  The 
amount  of  fixed  carbon  in  the  })tHt  quality  ranges  from  45  to 
60  per  cent,  and  the  a>h  from  5  to  10  per  cent.  The  seams  are 
remarkably  persistent  considering  the  great  variability  of  the 
associated  rocks,  but  vary  greatly  in  quality  and  thickness. 
In  quality  the  seams  vary  from  where  they  are  entirely  composed 
of  clear  bright  coal  with  about  5  per  cent  of  ash  to  where  they 
are  entirely  composed  of  a  dirty  slickensided  coal,  called  "rash," 
witli  over  50  per  cent  of  ash.  The  r(>latively  undisturbed  coal 
seams  are  dirty,  the  dirty  coal  alternating  with  clean  coal,  and 
in  places  the  seams  are  composed  entirely  of  dirty  coal  or 
carbonaceous  shale.  The  thickness  varies  from  nothing  to  over 
30  feet,  in  places  within  a  lateral  distance  of  less  than  100  feet. 
This  variation  is  caused  by  irregularities  in  either  the  roof  or 
floor,  and  occasionally  in  both.  The  Wellington  seam,  which 
averages  4  to  9  feet  thicic,  rests  en  a  firm  sandstone  floor,  which 
is  fairly  regular;  while  the  roof,  which  is  composed  chiefly  of 
sandy  shale,  is  deformed.  On  the  other  hand  the  roof  of  the 
Douglas  seam,  averaging  3  to  0  feet  in  thickness,  is  chiefly  a 
sandy  shale  with  >,  ndstonc  and  conglomerate  layers,  and  is 
comparatively  even;  while  the  floor,  which  is  a  weak  sandy 
shall!,  is  dcformeil.  The  deformed  roof  and  floor,  which  are 
slickensided  and  contorted,  bend  sharply  and  t\n)  roof  of  the 
Wellington  se:im  is  in  places  overturned.  At  the  thin  places  or 
pinches  in  ihi>  seams,  the  coal  is  dirty  and  .slickLnsidt>d,  while 
in  the  swelled  out  portions  it  is  chiefly  clean  and  uidiroken, 
with  no  definite  and  persistent  partings  or  cleavage.  In  some 
instances  tie  coal  i.-  'lean  and  unfractured  against  the  deformed 
roof  or  floor,  hut  it  is  usually  slickensided  and  <'ven  contorted, 
'i'he  striki'  of  the  deformations  corn  sjjonds  wiUi  th(;  strike  of 
the  measures  as  a  whole,  tliat  is  generally  northwest-southeast, 
and  the  swells  occur  on  the  .-^outliw"-:*  ^ide  of  sliarp  b(  nds  and 
the  pinches  or  ovnlaps  an;  to  the  northeast.  There  are  also 
several  small  faults  and  folds  or  wrinkUs  that  affect  the  entire 
seam. 

The  Newcastle  seam  is  more  regulur  than  the  Wellington  or 
Douglas,  hut  is  thinner,  ranging  from  "JO  to  00  inche-  where 
mined,  and  contains  more  nu  r  rous  and  r>  uular  partings.  It 
is  ;!l<o  less  t'xtensive  in  are-i  th:'.n  the  other  two  seams. 
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The  conclusions  drawn  from  the  facts  given  above  are: — 

(1.)  That  the  original  coal  seams  were  dirty  and  that  some  of 
the  "wants"  are  due  to  the  lack  of  deposition  of  carbonaceous 
matter  free  enough  from  silt  to  form  coal  of  sufficient  purity 
to  mine. 

(2.)  That  the  variations  in  the  coal  scams  were  caused  by  forces 
acting  from  the  northeast,  beginning  at  a  time  when  some  of 
the  sediments  and  the  <i>al  relatively  free  from  silt  were  soft 
or  fairly  plastic,  and  lasting  through  the  general  period  of 
deformation,  during  which  much  of  the  lateral  adjustment 
necessitated  by  the  folding  took  place  by  lateral  movements 
and  sliding  along  the  coal  scams. 

(3.)  That  the  relative  strength  of  the  roof  and  floor  determined 
in  general  the  relative  amount  of  deformation  in  each. 

(4.)  That  the  clean  coal  was  more  plastic  than  the  dirty  coal 
or  rash  and  was,  therefore,  squeezed  away  from  the  tight  bends 
where  there  was  an  increase  in  vertical  pressure,  to  the  limbs 
of  the  bends  where  there  was  a  corresponding  decrease  in  vertical 
pressure. 

(5.)  That  the  later  deformations  caused  the  greater  part  of 
the  slickensiding  and  iniortion  of  the  coal,  as  well  as  the  slight 
faulting  and  wrinkling. 

The  stratified  sands  and  gravels  of  the  superficial  deposits 
furnish  an  abundant  supply  of  these  materials;  but  although 
the  sands  and  gravels  could  be  quarried  cheaply  they  are  not 
favourably  situated  for  cheap  water  transportation.  Except 
in  a  very  limited  way  these  deposits  have  been  quarried  only 
near  the  various  railways  for  filling  and  grading  purposes  on 
the  railway. 

The  surface  clays  of  the  map-area  are,  as  a  rule,  very  sandy, 
although  some  arc  fairly  plastic,  and  they  have  been  utilized 
only  to  a  small  extent  for  common  brick.  The  various  shales 
of  the  Nanaimo  series  arc  also  sources  of  shale-clay.  Most  of 
the  shales  are  sandy  and  of  low  plasticity  and  none  of  them  are 
very  refractory.  They  are  used  at  present  for  common  brick; 
and  local  shale-clays  associated  with  the  coal  seams  have  been 
mixed  with  surface  clays  for  the  manufacture  of  sewerpipe  and 
similar  wares. 
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Some  of  the  sandstones  of  the  Nanaimo  scries  have  been 
quarried  for  building  stone,  although  there  was  no  production 
in  191 1  and  but  little  during  the  last  few  years.  Some  of  the 
sandstones  are  concretionary,  others  soft  and  friable.  The 
sandstones  are  not  regularly  or  greatly  jointed  and  large  blocks 
may  be  obtained.  The  sandstones  are  as  a  rule  of  good  colour, 
easily  worked,  and  although  rather  soft  directly  after  quarrying, 
harden  with  seasoning,  and  furnish  building  stone  of  fair  grade. 

The  impure  limestones  or  calcarenites  of  the  Haslain  formation 
of  the  Nanaimo  series,  exposed  on  the  north  shore  of  Departure 
bay,  have  lieen  opened  up  as  a  test  quarry  for  the  production 
of  material  to  be  burned  for  lime.  However,  the  percentage  of 
lime,  42-41  per  cent,  is  too  low  for  the  rock  to  be  used  for  lime, 
and  since  the  impurities  are  quartz  sand,  feldspar,  and  chlorite, 
the  rock  is  not  suitable  for  the  manufacture  of  cement. 

The  crystalline  rocks  of  the  map-area  are  greatly  fractured 
and  sheared,  and  many  of  the  shear-zones  arc  impregnated  with 
pyrite  and  chalcopyrite.  A  few  prospects  have  been  located 
on  these  mineralized  shear-zones,  but  they  are  too  low  grade 
to  be  of  any  conmicrcia!  value.  The  granitic  rocks  of  Mount 
Kayes  arc  cut  by  a{)Iite  and  quartz  veins.  Both  kinds  of  veins 
are  mineralized,  the  former  very  sparingly,  but  the  latter 
contain  chalcopyrite  and  bornite  in  attractive  amounts.  One 
of  these  veins  on  the  Thistle  claim  has  been  very  carefully 
prospected,  but  the  vein  is  too  small  to  be  commercially  pro- 
ductive. 
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CHAPTER   III. 
GENERAL  CHARACTER  OF  THE  DISTRICT. 

TOPOGRAPHY. 
GENERAL   ACCOUNT. 


RlOGIONAL. 

The  Naniiimo  inap-;in^;i  o(!ciirs  on  tiie  east  tio.'^.st  of  Vancouver 
island,  ^'ancollvor  islaad  is  on(;  of  the  border  ranges  of  North 
America  and  is  separated  from  the  mainland  by  the  submerged 
northern  portion  of  the  great  marginal  depression  of  North 
America,  known  as  the  Pacific  Coast  downfold.'  This  depression 
is  flanked  on  either  side  by  great  mountain  ranges,  in  British 
Columbia  by  the  Coast  range  to  the  east  and  the  ranges  of 
Vancouver  island  and  (Jueen  Charlotte  islands  to  the  west. 
The  \'ancouver  range,  which  virtu  illy  constitutes  Vancouver 
island,  trends  N.  o5°  W.  The  entire  island  is  290  miles  long 
and  50  to  SO  miles  wide,  th<!  total  area  being  about  ir),000 
square  miles.  It  is,  as  stated,  separated  from  the  Coast  range 
of  the  mainland  by  the  submerged  northern  end  of  the  Pacific 
Coast  (hnvni'old,  which  is  occui)ied  from  south  to  north  by 
Haro,  (Jcorgia,  Johnstone,  and  Broughton  straits,  and  (Jueen 
Charlotte  sound.  It  is  sejiarated  from  the  mainland  to  the 
south,  that  is  from  the  Olympic  mountains  of  Washington, 
by  a  smaller  transverse  downfold  striking  about  N.  70'  \V., 
now  occupied  liy  the  Strait  of  Juan  de  Fuca. 

The  \  ancouver  range  is  composed  of  a  lu^terogenenus  group 
of  del'orinid  rocks  having  a  gcner;d  northwest  strike,  that 
were  apparently  ri'duced  to  a  subdued  surface,  which  was 
uplifted  forming  the  i)lateau-lik(>  upland  of  Wuirouver  inland, 
and  then  greatly  or  matur(ly  dissected.  Looking  across  the 
uj)land  one  can  >ti!i  see  in  the  wide,  relatively  smooth  iuter- 
stream    areas,    the   outlines   of    the   subtlued   surface.     In    the 

1  Willij.  Dailt-y,  Tacoma  I-olio,  N'o.  j4,  U.S.  Geol.  Surv..  1889. 
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^otitliern  part  of  Vancouver  island  it  seems  as  if  this  surfa(;(« 
before  iijjlift  was  nearly  a  plain  with  only  a  few  rounded  liilis 
composed  of  especially  resistant  rocks  remaining  a  few  Imndred 
feet  above  the  general  level.  In  the  central  part  of  the  island, 
however,  the  surface  appears  to  liave  been  one  of  considerable 
relief  with  larger  and  higher  residual  hills  and  small  ranges  of 
mountains.  The  present  I'levation  of  the  ujjland  surface,  the 
uplifted  subdued  erosion  surface,  is  less  than  !,.')()()  feet  near 
the  southern  coast  but  increases  rapidly  to  tlu-  northwest,  so 
that  in  the  central  part  of  tlie  island  the  elevation  of  the  surface 
is  about  4,000  feet,  wliile  the  old  residuals  are  now,  since  uplift, 
5,000  to  7,000  feet  above  sea-Ievel,  a  few  pe;  s  being  eveTi 
higher.  As  stated,  the  upland  was  maturely  dissected  This 
occurred  during  a  pre-tilacial  erosion  cycle  presumably  tlirough 
the  agency  of  the  rivers  of  the  old  erosion  surface,  revived  by 
the  uplift.  These  rivers  consistid  of  large  transverse  streams 
with  tributaries  which  followed  lielts  of  the  less  resistant  rocks. 
Along  the  coasts  of  Vancouver  island  are  relatively  narrow 
areas  underlain  bj'  .sedimentary  rocks,  which  are  h^ss  resistant 
than  the  crystalline  rocks  forming  the  larger  jiart  of  the  island, 
and  whicii  were,  th(!refor«>,  during  the  pr<!-(Jlacial  cycle,  reduced 
to  lowlands.  It  seems  as  if  at  some  time  following  mature 
dissection  in  this  same  pre-Clacial  cycle,  the  southeastern 
part  of  the  island  was  depressed  partly  below  sea-level,  drowning 
the;  valleys,  but  leaving  the  iiills  and  ridges  above  sea-k'vel  as 
islands  and  promontories,  and  thus  forming  the  irregular 
drowned  coast  characteristic  of  that  part  of  the  isl.iud. 

During  the  Cdacial  period,  the  island  was  appai  ntly  smoth- 
ered by  a  tluck  ice-cap,  which  smoothed  anil  rounded  all  the 
mountains  under  4,000  and  5,000  feet  high;  while  the  jjre-Clacial 
valley  heads  in  the  high<T  mountains  were  excavateil  by  local 
glaciers  so  that  these  higher  mountains  now  have  char.-u'teristic 
serrated  sunmiits.  Valley  glaciers  occui)i(  d  :iiul  scoured  out 
the  larger  \alleys,  ciHiVerting  some  of  them,  cliielly  tlie  trans- 
verse valleys  draining  southwtsiward  from  tlie  main  rang<> 
to  the  I'acilic,  into  fiords,  an<l  dei'iiening  sonu^  ol  the  interior 
valleys  into  large  lake  basins.  The  valley  ghiciers  liowing 
eastward  from  the  east  slope  of  the  Vancouver  ranf  joined 
witli  the  larger  and  mcjre  numerous  glaciers  flowing  wt.-.twaid 
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from  the  ranges  of  the  mainland,  and  formed  extensive  piedmont 
glaciers  which  occupied  the  downfold  between  the  Vancouver 
range  and  the  ranges  of  the  mainland.  These  piedmont  ghicierK 
overrode  the  east  coast  lowhmd  of  Vancouver  ishind,  removed 
virtually  all  surface  soil,  and  smoothed  off  the  angularities 
produced  by  normal  erosion.  On  the  retreat  of  the  glaciers 
the  lowland  was  left  ct)vercd  by  a  more  or  l«ss  persistent  mantle 
of  soft,  superficial  deposits.  A  recent  uplift  of  .some  2.50  to 
400  feet  has  revived  the  streams  crossing  the  lowland,  and  the 
revived  streams  have  terraced  the  superhcial  deposits.  Along 
the  shore  the  uplifted  superficial  deposits  have  been  retrograded 
to  form  steep  cliffs,  while  the  coast,  where  composed  of  the 
hard  rocks,  presents  the  initial  irregularities  oi  the  drowned 
surface. 

Local 

The  Nanaimo  map-area  (see  Figure  2)  is  a  part  of  the  southern 
portion  of  the  east  coast  lowland  of  Vancouver  island.     The 
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lowland  has  considerable  relief;  and  since  the  sedimentary 
rocks  underlying  the  lowland  are  of  varying  resistance,  as  well 
as  modi  rately  disturbed,  their  predominating  strike  being 
northwest  and  their  dip  northeast,  extensive  northwest-southeast 
valleys  have  been  developed  in  belts  of  soft  rock,  between  ridges 


31 


rompospcl  of  more  resistant  bods.  The  valleys  wore  probably 
reduced  nearly  to  sea-level,  but  on  account  of  the  comparatively 
recent  uplift  have  a  present  elevation  of  from  100  to  KJO  feet. 
The  hard  rock  ridges  are  of  the  cue -ta  type  with  very  st«--ep,  in 
places  nearly  vertical,  front  slopes  at  right  an^i'  s  to  the  bedding, 
and  gentle  back  slopes  nearly  parallel  to  the  *  dding.  The 
general  elevatt)n  of  the  ridges  increases  from  3t.<)  to  700  fet't 
in  the  eastern  part  of  the  area,  to  500  to  1,000  feet  in  the  western 
part.  In  the  western  or  rather  southwestern  part  of  the  area 
is  the  slojie  from  the  coast  lowland  to  the  crystalline  rock  upland 
to  the  wc^t  of  the  map-area,  and  tongues  of  the  crystalline 
rocks  extend  eastward  from  the  upland  into  the  map-area, 
forming  low,  eastward  trending  ridges,  increasing  in  elevation 
we.',;  ,vard.  Transverse  valleys,  formed  by  tlu  larger  streams 
flowing  eastward  from  the  upland,  dissect  the  slope  and  the 
western  porti(m  of  the  lowland.  The  eastern  part  of  the  lowland 
was  apparently  depressed  and  the  valleys  drowned  to  form  the 
long  wide  channels,  pass(>s,  and  harbours  of  the  region,  while 
the  hard  rock  ridges  remain  aljove  sea-level  as  points  and 
ishuuls,  which  are  characteristically  long  and  occur  in  chains. 
It  was  upon  the  lowland  that  the  unconsolidated  superficial 
deposits  were  laid  down,  the  rocks  of  the  lowland  havinc;  been 
previously  polished,  in  places  smoothed  to  an  even  slope,  and 
some  of  the  valleys  deepened,  by  the  southeastward  flowing 
piedmont  and  lo  "1  valley  glaciers.  In  some  of  the  locally 
deepened  valleys,  in  valleys  dammed  by  the  superficial  deposits, 
and  in  irregular  shallow  depressions  in  the  superficial  deposits 
themselves,  small  lakes  have  collected,  some  of  which  have 
been  filled  or  partially  filled  with  alluvium.  Sine  the  recent 
uplift,  which  brought  the  land  into  its  present  position,  the 
revived  stnnims  crossing  the  lowland  have  terraced  the  super- 
ficial deposits  and  have  cut  narrow  canyons  'n  the  underlying 
indurated  rocks  (sec  Plate  I);  while  along  the  shores  the  super- 
ficial (l(>posits  have  been  retrograded  by  wave  attack  to  form 
cliffs  .'()  to  100  feet  high,  and  smyll  spits  and  bay  bars  have 
be^-Ti  ouilt  of  the  retrograded  material. 
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DETAILED  ACCOUNT. 


Lowland. 

The  cast  ('(ast  lowland,  a.**  stated,  comprises  the  larger  part 
of  the  Nanaimo  map-area.  The  lowland,  which  h-xs,  of  course, 
ft  northwest-southeast  trend  parallel  to  the  island,  extends 
diagonally  across  the  map-area,  having  a  maximum  width  in 
the  southern  part  of  about  8  miles.  The  most  characteristic 
features  of  the  lowland  arc  the  longitudinal  valleys  cut  in  the 
Hoft  rock,  and  the  hard  rock,  cuesta-like  ridges.  The  largest 
of  the  longitudinal  valleys  extends  through  the  central  part  of 
the  lowland,  the  northern  and  southern  ends  being  below 
sea-level,  the  submerged  northern  end  forming  a  part  of  Nanaimo 
harbour  and  the  submerged  southern  end  forming  Ladysmith 
(Oyster)  harbour.  Midway  in  its  course  the  valley  is  entered 
from  the  west  by  the  largest  of  the  tr:  sverse  streams  flowing 
eastward  from  the  upland,  the  Nanaimo  river,  which  for  the 
rest  of  its  course  flows  northward  in  the  valley,  and  is  building 
at  ita  mouth  a  fairly  large  delta  which  is  rapidly  filling  the 
submerged  northern  end  of  the  longituainal  valley  (see  Plate  II). 
Smaller  streams  flowing  southward  in  the  valley  are  building 
a  much  smaller  delta  at  the  head  of  Ladysmith  (Oyster)  harbour. 
Another  longitudinal  valley,  2  to  3  miles  to  the  southwest, 
called  the  Extension  valley,  follows  an  anticline,  along  the  axis 
of  which  relatively  imresistant  rocks  arc  exposed  between 
limbs  of  resistant  rocks  which  form  cuestas  60  to  400  feet  high 
fronting  the  valley.  Another  smaller  but  important  valley, 
between  the  two  described,  has  been  developed  in  the  soft 
rocLs  a.s.^ociated  with  the  Douglas  and  Newcastle  coal  seams, 
and  this  valley  is  followed  by  the  Esquimalt  and  Nanaimo 
railway  for  3  miles. 

Since  the  prevailing  dip  of  the  rocks  is  to  the  northeast,  the 
northeast  slope  of  most  of  the  cuestas  is  the  gentle,  back  or  dip 
slope,  while  the  southwest  slope  is  the  steep,  front  slope.  In  a 
few  places,  however,  where  the  rocks  are  folded,  chiefly  near 
the  inner  border  of  the  southern  part  of  the  lowland,  fairly  large 
cuestas,  surh  as  those  developed  to  the  southwest  of  the  Exten- 
sion valley,  are  formed  by  southwestward  dipping  rocks  (see 
Plate  III  A).     Similar  but  smaller  cuestas  occur  near  the  outer 
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border  of  the  sout '  crn  part  of  the  luwlnnd.     In  a  few  places  the 
cuesta-ridges  folic  ,  a  folded,  resistant  stratum,  the  fold  in  all 
the  cases  noted  being  a  southeastward  pitching  syncline.     Thus 
crescent  shaped  ridges  arc  formed,  opening  to  "the  southeast, 
with   gentle   inner   slopes   and   steep   outer   slopes.     The   be.-t 
developed  of  the  crescent-shaped  cucstas  is  situated  between 
the  F  tension  valley  and  the  larger  valley  to  the  northeast, 
and  is  half  a  mile  south  of  Nanaimo  river.     It  is  half  a  mile 
across  the  crescent  and  three-fourths    of  a   mile  long,  witn  a 
height  of  20  to  100  feet.     The  northern  part  of  a  large  cuesta 
700  feet  high,  called  the  Woodley  range,  to  the  northeast  of 
Ladysmith  (Oyster)  harbour,  is  a  less  perfect  example  of  the 
same  kind,  the  fold  being  of  the  nature  of  a  broad  syncliual 
warp.     In  a  few  instances,  as  to  the  southwest  of  Extension 
valley,  cuestas  have  been  developed  where  less  resistant  beds 
have  been  brought  to  the  surface  along  old  faults  (see  Plate 
IIIB).     The  general  dip  of  the  rocks  of  the   lowland    is   low, 
usually  from  r>  to  20  degrees,  so  that  the  back  slopes  of  the 
cuestas  arc  very  moderate,  while  the  front  slopes  are  frequently 
very  steep,  and  as  noted,  are,  in  places,  nearly  vertical.     With 
a  few  insignificant  exceptions,  the  dip  of  the  rocks  is  greater 
than  45  degrees  only  in  the  extreme  southern  part  of  the  lowland 
near  the  inner  border,  and  there  the  n.ore  resistant  rocks  form 
sharp  crested  ridges,  r^^-  •  ibiing  the  hog-backs  of  the  foot-hills 

h  steep  slopes  on  both  sides.  The 
itly,  from  small  ledges  a  few  feet 
nclges  400  to  700  feet  high  and  3  to  7 
.  noted,  the  general  elevation  of  the 
ridges  increases  from  300  to  700  feet  above  sea-level  in  the 
eastern  part  of  the  lowland  to  500  to  1,300  feet  above  sea-level 
in  the  western  part. 

Four  transverse  streams  flowing  eastward  from  the  upland  to 
the  west,  cross  the  western  nart  of  the  lowland.  Those  are, 
from  north  to  south,  the  Mil'  .e  river,  emptying  into  Nanaimo 
harbour.  Chase  river  emptying  into  one  of  the  channels  of  the 
Nanaimo  river  near  the  head  of  the  Nanaimo  River  delta, 
Nanaimo  river,  and  Hasiam  creek,  which  joins  the  Nanaimo  river 
aooQ  after  it  enters  the  large  longituilinal  valley  in  which  the 
lower  part  of  the   Nanaimo  river   flows.     The  two  northern 


of  the  Rocky  mountt 
size  of  the  cuestas  va. 
in  height  and  length  tc 
miles   long.     As  already 
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streams  are  small  and  meander  rather  sluggishly  across  the 
drift  covered  lowland,  cutting  into  the  underlying  rocks  only 
in  their  lower  courses.  The  two  southern  streams,  the  Nanaimo 
river  being  the  larger,  form  large  but  rather  narrow  valleys, 
which  not  onl;  dissect  the  lowland  but  also  the  slope  to  the 
upland.  This  slope,  which  curiously  enough  is  underlain  by 
one  of  the  least  resistant  of  the  scuimentary  formations,  occurs 
in  the  southwestern  part  of  the  map-area,  where  it  attains  a 
width  of  nearly  4  miles.  It  is  comparatively  gentle,  mounting 
from  .500  to  only  1,540  feet  in  this  distance.  It  is  largely  drift 
covered  and  only  the  larger  streams  cut  into  the  underlying 
rocks,  but  these  streams,  the  rocks  being  relatively  unresistant 
sandy  shales,  greatly  fractured  and  also  folded,  have  been  able 
to  incise  or  develop  a  meandering  course.  The  slope  is  crossed 
at  its  widest  part  by  Haslam  creek. 

Both  the  Nanaimo  river  and  Haslam  creek  were  .evived  b.^ 
the  recent  uplift,  and  flow  in  narrow  box  canyons  100  to  300  feet 
deep  incised  in  the  bottom  of  their  older  and  wider  valleys 
(see  Plate  I}.  Where  the  Nanaimo  river  crosses  belts  of  soft  rock 
the  inner  gorge  or  canyon  in  which  the  river  flows  widens  out, 
but  where  the  river  crosses  into  the  hard  rocks  again  the  gorge 
invariably  narrows  tr  the  tj^pioal  box  canyon,  falls  usually 
occiiring  in  the  riv^.  ..„ar  the  contact  of  the  soft  and  hard  rocks. 
In  th?  walls  of  the  canyon  are  nume-ous  pot-holes,  and  at  several 
places  a  section  of  the  larger  pot-holes  is  to  be  seen,  where  the 
side  toward  the  river  has  been  worn  or  broken  away.  The 
larger  pot-holes,  some  of  which  are  80  feet  deep,  as  that  shown 
in  Plate  IV,  invariably  wiilen  downwards,  and  some  of  those  cut 
in  the  softer  rocks  are  helical  in  shape.  The  development  of 
these  pot-holes  and  the  subsequent  destruction  of  their  walls  is 
doubtless  one  of  the  most  effective  of  the  processes  of  canyon 
formation.  Although  revived  by  the  uplift  responsible  for 
the  canyon  cutting,  the  numerous  tributary  streams  of  Haslam 
creek,  such  as  the  North  Fork,  have  not  been  able  to  incise 
themselves  so  rapidly  as  the  main  stream.  Consequently  at 
their  mouths  they  fall  abruptly  or  cascade  into  HaslaL.  iiver, 
while  their  valleys  hang  above  that  of  Haslam  creek. 

In  most  places  the  abrasion  by  the  glaciers  which  overrode 
the  lowland  during  the  Glacial   period  amounted  to  liitle  more 
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than  a  rounding  and  polishing  of  the  rock  surfaces.      However 
the  bngitudinal  valleys,  which  correspond  with   the  general 
S.  55°  E.  trend  of  the  glacial  movement,  were  deepened  in  places, 
and  their  sides,  as  may  be  seen  to  the  northeast  of  Ladysmith 
(Oyster)  harbour,  were  sm( M,thed  to  even  slopes.     Or  the  retreat 
of  the  glaciers  much  of  the  lowland  was  I.-ft  mantled  by  supw- 
ficial  deposits.     The  earlier  deposits  appear  to  have  been  partially 
eroded   by   later  glaciers   leaving,  west  of  Nanaimo,  three  or 
four  uneroded  portions  as  ridges  half  n  mile  long,  an  eighth  to  a 
fourth  of  a  mile  wide,  and  60  to  100  feet  high,  with  their  long 
axes  m  the  direction  of  glacial  movement,  about  S.  50°  E.    Since 
the  recent  uplift  the  deposits,  as  noted,  have  been  terraced  by 
the  revived  transverse  streams  crossing  them  (see  Plate  XA). 
In-omc  of  the  eroded  hollows  of  the  drift  mantle,  small  lakes 
have  collected,  Michael  lake  in  the  southeastern  part  of  the 
map-area  being  an  example.     Numerous  lakes  occur  also  in  the 
longitudinal  valleys,  which  have  perhaps  been  over  deepened 
m  places,  but  certainly  have  been  partially  filled  and  dammed 
by  drift.     No  lakes  occur  entirely  within  the  largest  of  the  long- 
itudinal valleys,  although  the  northwestern  portion  of  Quennel 
lake,    the   largest    lake   of   the   map-are  i,    is   situated   in    the 
eastern  part  of  the  middle  portion  of  the  vallev.     Quennel  lake 
has  an  extreme  length  of  about  4  miles  and  consists,  as  is  shown 
on  the  topographical  map,  of   se\oraI  connecting  arms,  which 
follow  soft  rock  valleys  between  small  cuesta-ridges  of  harder 
rock.     A  similar  but  smaller  lake,  consisting  of  three  connecting 
arms,  occurs  over  a  mile  to  the  north  and  is  called  Ilolden  lake, 
although  it  is  also  known,  from  its  three  arms,  as  Troisbras  lake! 
Other  smaller  lakes  occur  in  small  longitudinal  valleys  in  the 
eastern  part  of  the  lowland,  Greenway  lake  southeast  of  Holden 
lake  and  Long  and  Priest  lakes  to  the  southeast  of  Quennel  lake. 
Four  small  lakes  occur  in  Extension  valley,  of  the  two  northern, 
called  the  Overton  lakes,  the  largest  is  less  than  three-fourths 
of  a  mile  long,  while  the  two  southern,  the  Stark  lakes,  are  only 
700  and  800  feet  long.    Several  other  small  lakes  occur  in  longi- 
tudinal valleye.  Cranberry  lake,  occurring  in  the  valley  which  has 
oeen  developed  in  the  so't  rocks  associated  with  the  Douglas 
and  Newcastle  coal  seams,  being  the  largest.      No  lakes  occur 
on  the  slope  to  the  upland,  although  there  are  a  few  small  ponds 
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25  to  100  feet  in  diameter.     At  the  northeastern  base,  however, 
are  McKay  and  Crystal  lakes.  ,     ,  ». 

In  the  southwestern  part  of  the  lowland  to  the  west  of  the 
large  longitudinal  valley,  i.  a  terraced  plain  called  the  Naaa.nao 
delta  (see  Plate  XA),  since  it  appears  to  be  the  result  of  the 
terracing  after  uplift,  by  the  Nanaimo  river  and  Haslam  cri>ek, 
of  a  delta  built  at  their  former  mouths,  before  the  recent  uplift 
and  during  the  recession  of  the   youngest  glaciers.     The  delta 
is  6  miles  wide  at  it.s  outer  portion,  but  narrows  at  its  head, 
along  the  Nanaimo  river  3  miles  from  its  outer  portion   to 
a  few  hundred  feet,  and  with  this  width  it  extends  for  another 
3   miles   up   the   river.     Along  the   inner,   western   border   of 
the  broad  portion   of  the   ilelt.x,   where  there  are   niany   w.' 1 
developed  kames  and  kettle  or  ice  block  holes  (^^  ^f  ^l  f/*)' 
the  largest  of  which  are  100  to  800  feet  across  and  10  to  80  fett 
deep  it  attains  an  elevation  of  400  feet  above  sea-level.     Irora 
this  it  descends  to  the  eastward  nearly  to  sea-level.,  and  even 
to  sea-level  in  its  southern  portion,  in  a  series  of  broad  terraces 
varying  in  lu-ight  from  10  to  50  feet.     The  lower  portion  of 
Haslam  creek,  which  becomes  overloaded  in  its  course  across 
the  delta,  splits  into  two  meandering  streams,  while  crossing 
the  lowest  terrace. 

Crystalline  Rock  Ridges. 

Three  tongues  of  crystalline  rocks  extend  eastward  from  the  up- 
land into  the  area  of  the  Nanaimo  mup-shett,  and,  as  mentioned, 
form  low,  eastward  trending  ridges,  increasmg  m  t-h^y;|^'o^ 
westward.  One  of  these  ridges  having  an  elevation  of  oOO  to 
700  fe  •^.  occurs  in  the  extreme  northern  part  of  the  map-area 
north  o.  Departure  bay,  and  since  it  extends  to  the  shore,  it 
forms  a  break  in  the  east  coast  lowland  and  is  the  northern 
boundarv  of  that  portion  underlain  by  the  rocks  of  the  Nanaimo 
basin.     Another  ridge  in   the  centnd  part  of  the  map-area, 

attaining  an  elevation  of  1,100  feet,  i^^.t»"^/'f /'^"V^f  le 
Benson  a  mountain  about  3,300  feet  high  to  the  west  of  the 
city  of  Nanaimo.  The  third  ridge  occurs  along  the  southern 
boundary  of  the  map-area  and  is  over  1,500  feet  high  m  its 
western  portion.  A  .smaller  tongue  of  crystalline  .ocks  ext.ncmg 
northwest  from  the  eastern  part  of  the  ridge,  forms  m  the 
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central  part  of  the  southern  portion  of  the  map-ar^a,  a  large 
rounded  and  isolated  hill,  !,460  feet  high,  called  Mt.  Hayes, 
which  i.«  the  motft  conspicuous  elevation  in  the  map-area.  The 
ridges  are  drained  chiefly  by  numerous,  small,  wet-weather, 
transverse  streams.  The  rocks  of  the  ridges  have  been  rounded 
by  glacial  abrasion  and  on  the  north  side  of  the  northernmost 
ridge  have  even  been  worn  into  a  fairly  smooth  slop«^  In  one 
or  two  places,  the  small  valleys  have  been  more  severely  gla- 
ciated, and  there  is  one  lake  on  the  northern  ridge  and  two  on 
the  east  flank  of  Mt.  l.onson,  that  appear  to  have  collected  in 
over-de(!pened  rock  basir-s.  The  two  latter  lakes  have  been 
increased  in  size  by  artificial  dams  and  are  used  as  reservoirs. 

Shore-lines  and  Islands. 

As  described  above,  it  was  apparently  the  depression  of  the 
eastern  part  of  the  lowland  with  its  longitudinal  vallevs  in  the 
soft  rocks  between  cuesta-ridgcs  of  hard  rocks,  followed  by  a 
partial  recovery,  which  resulted  in  the  present  irregular  shore- 
line with  its  deep  bays  and  long  points  and  the  numerous  island.- 
separated  by  long  passes  and  channels.  In  the  map-area  there 
are  two  large  channels,  Northumberhind  channel  in  the  east 
central  part  of  the  map-area,  and  to  the  south,  along  the  eastern 
border  of  the  map-area,  Trincomali  channel,  which  is  the  result 
of  the  drowning  of  a  greatly  denuded  anticline. 

The  largest  island  of  the  map-area,  Gabriola  island,  t-eparated 
from  Vancouver  island  by  Northumberland  channel,  is  situated 
in  the  northeastern  part  of  the  map-area,  and  extends  2  miles 
east  of  the  map-area.  Tl  island  is  a  synclinal  ridge,  8  miles 
long  and  2  to  3  miles  wide,  striking  N.  60°  W.  Since  the  com- 
ponent rocks  along  the  northeast  and  southwest  coasts  dip 
toward  the  centre  of  the  island,  these  two  coasts  are  steep,  the 
southwestern  being  in  places  nearly  vertical  and  having  a 
maximum  height  of  500  feet.  B(>tween  Northumberland 
channel  and  its  southeastward  extension.  False  Narrows,  so 
called  from  its  shallowness  and  many  reefs,  on  one  side,  and 
Trincomali  channel  on  the  other,  is  the  DeCourcy  group  of 
islands,  formed  by  one  of  the  more  resistant  formations  of  the 
northeastward  dipping  limb  of  the  Trincomali  anticline.  The 
southwest  limb  of  the  anticline  composes  the  ridges  along  the 
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east  coiist  of  Vancouv«'r  island  and  one  small  inland,  called 
Round  island,  near  the  cfntre  of  the  channel.  Trincomali 
channel  joins  Northumberland  chaimel  by  a  narrow  channel, 
l)etween  the  De  Courcy  islands  (Mudge  island)  and  Vancouver 
island,  half  a  mile  long  and  only  200  to  400  feet  wide,  through 
which  the  tide  rushes  with  great  velocity.  The  other  islands 
of  the  map-area  are  situated  in  the  northern  part,  and  of  these, 
Newcastle  and  Protection  islands  are  the  largest.  They  are 
only  a  short  distance  from  Vancouver  island,  and  protect 
Departure  bay  and  Nanainio  harbour,  which  are  connected 
by  Newciustle  Island  channel,  from  storms,  which  sometimes 
attain  considerable  .strength  in  the  open  Strait  of  Georgia, 
between  Vancouver  island  and  the  mainland.  The  other 
i>l;mds  arc  all  small,  1,000  to  1,500  feet  in  length,  and  with  the 
cxK  ptiun  of  Five  Finger  island,  1\  miles  from  the  crystalline 
ro(  Ige  north  of  Departure  bay  and  composed  of  the  crystal- 
line rocks,  they  are  all  of  the  cuesta  type.  They  are  interesting 
since  they  vary  in  trend,  the  rocks  nt^ar  the  northern  edge  of  the 
basin  varying  from  their  usual  attitude.  Brandon  and  Jesse 
if-lands  in  Departure  bay  trend  east  and  west,  th°ir  dip  slope 
being  to  the  south.  Snake  .,  ad  in  the  north  central  part  of 
the  map-area  trends  nortn  ..;  :  south,  its  rocks  dipping  to  the 
east,  and  Entnmce  island,  in  the  northeastern  part  of  the  map- 
area,  trends  X.  00°  E.,  its  rocks  dipping  norihwest.  Of  the 
long  points  characteristic  of  the  east  shore  of  Vancouver  island, 
Jack  point  in  the  central  part  of  the  Nanaimo  map-area  is  a 
conspicuous  example. 

The  islands  were  overridden  by  the  southeastward  flowing 
piedmont  glaciers  and  their  ledges  worn  into  rounded  forms 
and  the  channels  between  them  were  p'-csumably  deepened. 
They  were  not  left  covered  by  a  thick  man  Me  of  drift,  and  only 
at  one  place  on  Gabriola  island  has  a  lake,  Hoggan  lake,  been 
formed  in  a  rock  valley,  rammed  by  drift. 

At  two  places  along  the  shore  of  Vancouver  island,  at  Departs 
ure  bay  and  on  the  southwest  shore  of  Kulleet  bay  in  the 
extreme  southeastern  part  of  the  map-area,  the  shore-line  is  in 
the  drift  deposit.  In  these  two  places  the  recently  uplifted 
drift  deposits  have  been  retrograded  during  the  present  marine 
cycle  to  form  cliffs  20  to  100  feet  high.    At  Kulleet  bay  the 
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retrograd<!<l  material  has  built  a  bay  bar  across  a  snmll  lagoon 
at  the  head  of  th'  bay.  In  a  few  oth<T  places  also  srniUl  beaches, 
bay  bars,  and  tie  bars  have  been  built  of  the  nial.Tial  of  the  drift 
cover,  and  as  mentioned,  at  the  mouth  of  Nanaimo  river  and  at 
the  head  of  Ladyymith  (Oyster)  harbour,  deltas  an-  being  furni<tl. 
The  greater  part  of  the  shore-lino  is  in  the  hard  rocks  and 
presents  virtually  all  of  the  initial  irregularities  of  the  depressed 
rock  surface;  although  since  the  surface  was,  in  general,  regular, 
owing  to  the  regular  attitude  of  the  sedimentary  rocks  in  which 
it  was  cut,  so  the  shonvline  is  fairly  regular.  Small  coves  and 
wave  chasms  Imve  be«'n  cut  in  softer  rocks  and  alon^  joints  and 
shear  zones.  Also  in  places  where  the  coast  is  composed  of 
tiiick-bedded  .sandston«'s  with  a  calcareous  cement,  the  cem<-nt 
luLS  been  partially  dissolved  by  salt  water  spray  and  the  wind 
and  waves  have  fashioned  tie  sandstcmes  irto  hemispherical  or 
hemicylindrical  caves  or  "galleries"  with  fantastic,  laceworked 
and  honeycombed  surfaces  (See  Plates  VIII  and  IX). 
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CLIMATE  AND  VEGETATION. 

The  climate  of  Xanaimo  and  vicinity  is  remarkably  uniform 
and  temper;vt<'.  The  average  temperature  is  about  40°  F.  in 
winter  and  GO  °  F.  in  summer,  and  the  extremes  of  temperature 
are  comparatively  small.  The  rainfall  is  much  less  than  in 
most  other  parts  of  the  North  Pacific  coast,  since  the  area  is  in 
"'-  '"a  of  the  \'ancouver  rang*;  to  tlie  south  and  west,  and  of  the 
-  .  c  range  of  the  mainland  to  the  north.  The  average  rain- 
fall is  about  35  inches  a  year,  the  greater  part  of  the  rain  falling 
in  the  winter  months,  while  the  summer  is  dry. 

The  Nanaimo  map-area  was  once  heavily  forested  like  oth<;r 
parts  of  the  east  coast  of  Vancouver  island,  the  forest  trees  being 
chiefly  conifers,  Douglas  fir  and  red  cedar  greatly  predomin- 
ating. But  a  great  deal  of  timber  has  been  cut,  and  in  the  wide 
valleys  the  land  has  been  cleared  and  is  now  cultivated.  Hmall 
fruit,  garden  truck,  and  grain  are  the  chief  agricultural  products. 
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CHAPTEil   IV. 


GENERAL  GEOLOGY. 


GENERAL  STATEMENT. 


REGIONAL. 

Vancouver  islam!  is  coniiMwt'd  of  deformed  metamorphic 
voleanio  and  sedimentary  rocicH,  iutrude<l  and  replaced  by 
numerous  irregular  bodies  of  granitic  rocks,  and  is  fringed  along 
both  cca-sts  with  fragmental  sediment.^,  which  rest  unconformably 
upon  tlie  older  metamorphic  and  granitic  rocks.  Covering  the 
hard  rocks  to  a  greater  or  less  degree  is  a  mantle  of  drift,  which 
although  panly  stratified  consists  largely  of  glacial  detritus. 
The  metamorphic  rocks  are  largely  of  lower  Mesozoic  age,  pre- 
sumably upper  Triassic  and  lower  Jurassic,  Init  they  probably 
include  some  Palirozoic  members.  Apparently  the  oldest  rocks, 
considered  provisionally  as  of  late  Palaeozoic  (Carboniferous) 
age,  are  a  scries  of  slates  and  quartzose  schists  and  schistose, 
largely  fragmental  volcanics.  These  greatly  metamorpho.sed 
rocks  underlie  a  belt  2  to  7  miles  wide,  extending  across  the 
southern  end  of  the  island,  and  are  called  the  Leech  River  forma- 
tion and  the  Malahat  volcanics. 

The  lower  Mesozoic  rocks  compose  the  larger  part  of  Van- 
couver island,  and  constitute  the  Vancouver  group.  They  ( on- 
sist  chiefly  of  metamorphosed  basic  volcanics  called  the  Van- 
couver volcanics,  principally  meta-andesites.  Associated  with 
the  Vancouver  volcanics  and  occurring  chiefly  in  small  intercal- 
ated lentils  is  a  formation  of  cry-tallin''  limestmies  call«  d  the 
Sutton  formation.  Besides  this,  there  is  associated  with  the 
meta-volcanics  a  series,  the  Sicker  series,  of  stratified  slaty  and 
cherty  rocks,  composed  partly  of  volcanic  material.  These 
rock.s  and  their  associated  volcanics  have  been  greatly  meta- 
morphosed and  converted  into  schists. 

All  of  the  above-mentioned  rocks  have  been  intruded  and 
partly  replaced  by  batholithic  and  dyk--  (minor  intrusive)  rocks. 
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The  hatliolithii-  rocks  aro  chictly  Krauoiiioritc  with  marginal 
facit's  of  ilioritf,  and  in  tho  soutlii-astcrn  part  of  tlic  islaiiil  tluTo 
ari'  also  gal)l)ro-(liorit<'  ami  quartz  dioritc  Riui-scs.  All  of  tin- 
hatholithic  rocks  arc  closely  rclatcil  and  appear  to  have  hccn 
irrupted  during  the  .same  general  period  of  intrusion.  Never- 
theles.s  they  may  he  subilivided  into  four  tyi)es  that  were  irru|)ted 
in  a  definite  sc^quencc,  apparently  as  follows:  Wark  gabliro- 
diorite  gneiss,  C'olquitz  (piartz  dioritc  gneiss,  Bc'ale  diorite,  and 
Saanieh  grano<liorite.  It  i-  prol);ilile  that  the  "minor  illtru>iv■e.•^'' 
al.su,  acid  and  basic  porphyrites,  were  irrupted  during  the  same 
general  period. 

Ui'conformahle  upon  an  erosion  surface  of  the  metamorj>hic 
and  granitic  rocks,  and  confined  for  the  greater  part  to  the  east 
coast  of  the  islaad  is  a  thick  conformable  series  of  fragmental 
sediments,  the  Nanaimo  series,  largely  of  Upi)er  Cretaceous  age, 
although  the  uppermost  portion  may  be  of  lowermost  Tertiary 
(Eocene)  age.  It  consists  of  conglomerates,  .sandsiv'ues,  ami 
shales,  with  some  coal.  In  gen  ral,  it  ha^  been  deformed  into 
broad  open  folds  with  a  northwest-southeast  strike,  and  a  general 
northeast  dip,  but  in  plai  es  it  has  been  closely  folded,  overt uriKnl 
to  the  southwest,  and  broken  by  reversed  and  overthrust  faults. 

The  deformation  of  the  Nanaimo  series  probably  occurred  in 
post-Eocene  time.  Previous  to  it,  during  upper  Eocene  time, 
a  thick  formation  of  volcanic  rocks,  the  Metcho-in  volcanics, 
which  are  chiefly  basalts,  wa^  accumulated  in  the  southern  part 
of  the  island.  These  volcanics  wen-  involved  in  the  post-Eocene 
deformation  and  at  the  same  time  were  intruded  by  stocks  com- 
posed chiefly  of  gabbro,  called  the  Sooke  intrusives. 

Along  the  southwest  coast  of  the  southern  part  of  the  isl.anil, 
confined  to  small  narrow  basins,  is  a  series  of  setliments  of 
Miocene  age,  the  Carmanah  and  Sooke  formations.  These 
.sediments,  largely  coarse  conglomerates  and  sanilstones,  were 
deposited  under  marine  conditions  and  are  remnants  of  a  once 
more  extensive  Miocene  coastal  plain. 

In  Pleistocene  time  Vancouver  island  was  covered  by  a  thick 
ice  cap,  and  large  piedmont  glaciers  fed  by  valley  glaciers  from 
the  ice  caps  of  Vancouver  island  and  the  mainland  filled  the 
straits  of  Georgia  and  Juan  de  Fuca.     The  resulting  glacial  till 
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remains  on  the  upland,  but  in  the  larger  valleys  and  on  the  coast 
lowlands  the  drift,  although  consisting  largely  of  glacial  detritus, 
is  stratified,  having  been  deposited  by  river,  lake,  and  marine 
agencies.  A  second,  but  lesser  period  of  glaeiation  followed 
the  deposition  of  the  stratified  deposits,  so  that  they  have  been 
partially  eroded  and  covered  with  a  younger  glacial  till.  A 
recent  uplift  of  some  250  to  400  feet  has  taken  place,  bringing 
the  coastal  lowlands,  with  their  covering  of  s..atified  deposits, 
largely  of  marine  origin,  to  their  present  position,  some  200  to 
600  feet  above  sea-level. 

LOCAL. 

The  larger  part  of  the  Nanaimo  map-area  is  underlain  by  the 
Nanaimo,  Upper  Cretaceous,  sedimentary  series.  They  rest 
unconformubly  upon  the  lower  Jurassic  and  probably  Triassic 
mctamorphic  rocks  of  the  Vancouver  group  and  the  granitic 
rocks  of  the  upper  Jurassic  granitic  intrusives.  The  mcta- 
morphic and  granitic  rocks  within  the  limits  of  the  Nanaimo 
map-area,  form  three  low  ridges  extending  east  from  the  upland 
west  of  the  map-area.  There  are  two  members  of  the  Vancouver 
group  in  the  map-area,  the  Vancouver  volcanics  and  the  Sicker 
series.  The  Vancouver  volcanics,  which  form  the  two  northern 
of  the  low  eastward  trending  ridges,  are  largely  dense,  green, 
altered  andesites  or  basalts,  greatly  fractured  and  sheared,  and 
cut  by  numerous  quartz  and  quart  z-epidote  stringers,  and  in 
places  impregnated  and  replaced  by  pyrite,  especially  in  shear 
zones.  The  Sicker  series  are  confined  to  the  southern  ridge 
and  underlie  only  a  narrow  strip  about  a  mile  long.  They 
consist  of  cherty  and  slaty  rocks  and  are  metamorphic,  fine 
grained  f;cdiments.  The  Sicker  series  and  Vancouver  volcanics 
are  greatly  deformed  and  are  intruded  by  the  granitic  rocks. 

The  granitic  rocks  art;  virtually  coi  fined  to  the  southern  of 
the  three  crystalline  rock  ridges.  They  consist  of  the  Saanich 
granodiorite,  with  an  older  and  marginal  facies  of  gabbro- 
diorite  into  which  the  Suanich  granodiorite  is  intrusive,  and 
in  the  extreme  southwestern  part  of  the  map-area,  a  gabbro 
porphyrite,  called  the  Sicker  gabbro  porphyrite,  which  is 
intrusive  into  the  Sicker  series. 
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The  granitic  rocks  were  exposed  by  erosion  before  the  deposi- 
tion of  the  Nanaimo  series  in  Upper  Cretaceous  time,  but  the 
surface  upon  which  the  Nanaimo  series  rests  is  one  of  consider- 
able reUef.  Small  irregularities  are  directly  observable  in  ex- 
posed imconformities,  and  the  contacts  of  the  Nanaimo  series 
with  the  underlying  rocks,  where  not  disturbed  by  intense 
folding  and  faulting,  follow  very  closely  the  contours  of  present 
elevations,  which  must  have  been  elevations  at  the  time  of 
deposition  also,  unless  far  more  irregular  and  complex  folding 
than  is  elsewhere  observed  is  supposed. 

The  Nanaimo  series  consists  of  alternating  conglomerates, 
sandstones,  and  shales,  and  contains  the  coal  -cams  of  the  well 
known  Nanaimo  coal  district.  In  general  the  conglomerates 
are  composed  chiefly  of  quartz  and  quartzose  rocks,  the  sand- 
stones chiefly  of  angular  grains  of  quartz  and  feldspar  with  a 
greenish  matrix  of  secondary  ferro-magnesian  minerals,  and 
the  shales  chiefly  of  a  carbonaceous,  fine,  siliceous  mud  a: d 
secondary  ferro-magnesian  minerals.  A  rather  curious  feature 
of  the  upper  shalo  formations,  especially  of  those  characterized 
by  a  large  number  of  thin  sandstone  interbcds,  is  the  occurrence 
of  numerous  sandstone  dykes,  up  to  3  or  4  feet  wide.  They 
cut  the  shales  sharply,  apparently  along  joint  planes,  antl  the 
shales  are  frequently  bent  or  slightly  contorted  next  to  the 
dykes. 

The  various  sediments  of  the  Nanaimo  series  grade  rather 
rapidly  into  each  other  in  both  vertical  and  lateral  directions. 
Nevertheless  the  series  may  be  subdivided  on  a  lithological  and 
stratigraphical  basis  into  various  members  or  formations 
(enumerated  in  the  following  table  of  formations),  each  with 
its  more  or  less  distinguishing  characteristics.  The  total 
thickness  of  the  Nanaimo  series  averages  about  0,760  feet. 

The  Nanaimo  series  is  moderately  disturbed,  and  has  as  a 
whole,  a  general  northwest-southeast  strike  and  a  prevailing 
dip  to  the  northeast.  At  the  northern  rim  of  the  Nanaimo 
basin  the  general  strike  turns  to  the  northeast  and  east,  while 
the  dip  is  to  the  southeast  and  south.  There  are  a  few  rather 
large  open  folds  and  .njiny  smaller  and  minor  folds.  Nearly 
all  the  folds  have  a  northwest-southeast  strike,  and  many  of 
them,  especially  the  minor  folds,  pitch,  and  flatten  out  to  the 
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southeast.  The  larger  folds,  proceeding  from  the  southwest  to 
the  northeast,  and  occurring  in  successively  higher  forma- 
tions (see  accompanying  maps)  are — the  Extension  anticlini,, 
the  Kulleet  s>iicline,  the  Trincomali  anticline,  and  the  Gabriola 
syncline.  Minor  faults,  seldom  more  than  sharp  rolls  with  a 
very  small  actual  displacement,  a  few  of  which  appear  to  have 
taken  place  while  the  sediments  involved  were  still  soft,  are 
common.  In  the  west  central  part  of  the  basin  are  two  large 
reversed  or  compression  faults.  These  two  faults,  which  occur 
to  the  southwest  of  the  Extension  anticline,  have  northwest- 
southeast  strikes  and  steep  dips  to  the  southwest.  The  dis- 
placement of  the  faults,  the  southwestern  side  in  each  case 
being  the  upthrown,  is  about  500  and  150  feet.  To  the  northeast 
of  the  Extension  anticline  are  two  problematical  faults;  these 
are  both  strike  and  presumably  reversed  faults,  the  northeastern 
side  being  the  upthrown,  with  throws  of  200  and  300  feet. 

Before  the  Glacial  period  the  deformed  Nanaimo  series  were 
reduced  to  a  lowland,  which  still  retains,  however,  considerable 
relief,  extensive  valleys  having  been  cut  in  the  soft  rock  belts, 
while  the  hard  rocks  remain  as  ridges.  During  the  CJlacial  period 
the  lowland  was  twice  overridden  by  gk.ciers  and  as  a  result  a 
large  part  of  the  Nanaimo  map-area  is  covered  by  superficial  de- 
posits of  various  kinds,  which  consist,  however,  la'-gely  of  glacial 
detritus.  They  may  be  subdivided  according  to  their  lithological 
character  and  mode  and  time  of  deposition  into  the  Admiralty 
till,  deposited  during  the  first  epoch  of  glacial  occupation; 
the  Puyallup  clays,  sands,  and  gravels,  deposited  during  the 
interglacial  epoch;  the  Vashon  drift,  which  mantles  the  earlier 
deposits,  deposited  during  the  second  and  lesser  epoch 
of  glacial  occupation;  the  Colwood  sands  and  gravels,  a  delta 
deposit  formed  during  the  retreat  of  the  younger  glaciers;  and 
rock  debris,  and  swamp,  valley,  delta,  and  beach  alluvium 
formed  or  deposited  during  Recent  time.  Since  Glacial  time 
the  Glacial  deposits  have  been  uplifted  about  400  feet,  and  the 
stratified  clays,  sands,  and  gravels  of  the  Puyallup  and  Colwood 
deposits,  which  are  the  most  extensive,  have  been  terraced  by 
the  streams  revived  by  the  uplift. 
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TABLE   OF   FORMATIONS. 

Quaternary  .Recent Post-Glacial Beach  alluvium. 

Swamp,  valley,  and 

delta  alluvium. 
Rock  debris. 

Pleistocene Later  Glacial  epoch. 

Stage  of  glacial  retreat Colwood  sands  and 

gravels. 
Stage  of  glacial  occupation...  Vaslu'n  drift. 

Interglacial  epoch Puyallup     clays, 

sands,  and  gravels. 

Earlier  Glc  '     ■>poeh Admiralty  till. 

Tertiary Eocene  (?) Dacite     porpliyrite 

dykes. 
Mesozoic. . .  Upper  Cretaceous  Nanaimc 

Gabrioia  -   Chiefly   sandstones. 

NorthumLc  'mation.Conglomerates.sand- 

stoncg,  and  shales. 

De''ourcy  formation Chiefly   sandstones. 

Cedar  District  formation Chiefly  shale. 

Protection  formation Grits,  sandy  shales; 

(Douglas  coal  seam.)  contains     Douglas 

coal  seam . 
Newcastle  coal  seam . 

Cranberry  formation Shaly      sandsto  n  e  a 

ana  sandy    shale; 
some  coarse  sand- 
stones and  conglo- 
merates. 
Extension  formation Chiefly    conglomer- 
ates, some  ohalea, 
sand  stores,       and 
small  coal  seams. 
Wellington  coal  seam. 
East  Wellington  formation.  Chiefly   sandstone. 

Haslam  formation Chiefly  shale;  some 

(Marine  shales)  calcarinites. 

Benson  formation Basal  conglomerates 

Upper  Jurassic  and, 
possibly,  Lower 

Cretaceous Granitic  intrusivcs. 

Sicker gabbro  porphyrite.... Masses  and  dykes. 
(Position  in  column  doubt- 
ful). 

Saanich  granodiorite Batholith. 

Gabbro-diorite Peripheral  facies  of 

Saanich     grano- 
diorite. 
Lower    Jura.ssic 
and  Triassic   ...  Vancouver  group. 

Sicker  series Slaty  and  quartzose 

( Position  in  column  doubt-     metamorphic  scdi- 
fiil).  ments. 

Vancouver  volcanics Meta-andesites   and 

nietji-bii.-ijilts. 


DESCRIPTION  OF  FORMATIONS. 

VANCOUVER  GROUP. 

The  crystalline  rocks  upon  which  the  sedinw-ntary  rocks  of  the 
Nanaimo  series  rest  unconformably,  consist  of  the  metamorphic 
rocks  of  the  Vancouver  group  and  the  granitic  or  batholithic 
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rocks  intrusive  into  them.  Thcrp  are  two  members  of  the  Van- 
couver group  in  the  Nanaimo  map-area,  the  Vancouver  volcanics 
and  the  Sicker  s«rie!--. 

Vancouver   Volcanics. 

Distribution. 

The  Vancouver  volcanics  form  two  low  ridges  extending  east- 
ward from  the  crystalline  rock  upland  west  of  the  Nanaimo  map- 
area.  The  northern  ridge  occurs  in  the  northwestern  part  of  the 
map-area,  north  of  Depjirture  hay,  and  is  the  northern  boundary 
of  the  Nanaimo  basin.  The  volcanic  rocks  extend  below  sea-level 
and  outcrop  in  four  or  five  places,  a  mile  to  a  mile  and  a  half 
off  shore,  forming  West  Rocks  and  Five  Finger  island.  The 
southern  ridge  is  the  east  fhmk  of  Mt.  Benson,  the  mountain, 
3,300  feet  high,  west  of  the  city  of  Nanaimo.  Another  small 
outcrop  occurs  in  the  Nanaimo  river,  near  the  western  boundary 
of  the  m;ip-area.  Although  covered  in  places  liy  a  rather  per- 
sistent m  I  ,,tle  of  glacial  drift,  the  volcanic  rocks  are  well  exposed. 
Their  coiii-ict  with  the  overlying  sedimentary  rocks  is  ex|)OS(il 
along  the  shore,  and  inland  their  boundary  can  be  fairly  well 
determined,  except  along  the  southeastern  flank  of  tlu;  southern 
ridge. 

Lithological  Cliaradtrs. 

The  Vancouver  volcanics  are  uniform  in  appearance  and 
typical  of  the  meta-volt;anic.s  of  the  Vancouver  group.' 
They  ■  largely  dense,  rather  fresh  looking,  dark  green  or 
greyisti  green  meta-andesitcs  or  meta-basalts,  fr(quently 
of  porphyritic  texture,  witii  a  predominating  felsitic 
or  aphanitic  groundmass  and  phenocrysts  of  altered  i>Iagiocla-e 
feldspar,  and  altered  hornblende  or  augite.  They  ar(! 
fractured  and  sheared,  cut  by  numerous  quartz  and  q'uartz- 
epidote  stringers,  and  in  places  impregnated  ami  replaced  by 
pyrite,  especially  in  shear  zones.  Pillow  structure  may  be 
observed  at  several  places,  and  is  especially  well  shoWon 
West   Rocks  (see  Plate  V  A).       Fragmental"  varieties    occur 

'  See  Memoir  No,  13.  Geol.  Surv..  Can..  1913,  pp.  51-53 
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but  are  not  common.  They  are  best  exposed  on  the  west  shore 
of  Hammond  bay,  near  Neck  point.  They  consist  of  fine  tuffs, 
brownish  red  in  colour,  and  agglomerates,  with  angular  frag- 
ments up  to  4  inches  in  diameter,  of  dense,  red  and  green  weath- 
ering meta-andesites  or  meta-basalts. 

The  groundmass  is  seen  microscopically  to  consist  essentially 
of  small,  lath-shaped  crystals  or  microlites  of  andesine  feldspar 
(ca.  Ab.  55  An.  45),  and  hornblende  or  augite,  the  two  last  being 
largely  altered  to  chlorite.  The  only  important  accessory 
mineral  is  magnetite,  which  occurs  in  fine  grains  and  in  small 
amounts.  The  granularity  of  the  groundmass  varies  from 
glassy  or  microaphanitic  to  decimillimetre  grained.  The  original 
texture  of  the  groundmass  is  frequently  obscured  by  alteration, 
but  the  feldspar  laths  usually  have  a  diverse  arrangement, 
with  hornblende  or  augite  in  the  interstices.  The  phenocrysts 
are  of  plagioclase,  ranging  from  labradorite  to  andesine,  and 
altered  hornblende  and  augite.  They  are  of  small  to  medium 
size,  1  mm.  or  less  to  3  mm.  in  diameter,  and  in  some  rocks  are 
numerous,  although  the  groundmass  is  always  dominant.  The 
degree  of  alteration  is  large,  and  besides  chlorite,  the  secondary 
minerals,  uralite,  epidote,  zoisite,  calcite,  sericite,  kaolin,  quartz, 
and  pyrite  and  limonite  are  common.  In  some  rocks  hematite 
and  magnetite  are  apparently  secondary. 

Structural  Relations. 


The  Vancouver  volcanics  have  been  greatly  deformed  as  is 
indicated  by  the  fracturing  and  shearing  they  have  undergone. 
Their  attitude  was  not  directly  observed,  but  they  probably 
h.ave  a  general  northwesterly  trend  with  steep  dips,  in  common 
with  the  rest  of  the  Vancouver  volcanics  of  s  ithern  Vancouver 
island.  In  other  parts  of  Vancouver  island  the  Vancouver 
volcanics  are  cut  by  the  granitic  rocks  of  supposed  upper 
Jurassic  age,  and  in  the  Nanaimo  map-area  the  volcanics 
exposed  in  the  bed  of  the  Nanaimo  river  near  the  western 
boundary  are  cut  by  the  Saanich  granodiorite.  Also  certain 
amphibolite  inclusions  are  found  in  the  granitic  rocks  on  the 
north  slope  of  Mt.  Hayes,  and  these  may  be  greatly  altered 
inclusions  of  the  Vancouver  volcanics.     The  Vancouver  volcanics 
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are  unconiormably  overlain  by  the  sedimentary  rocks  of  the 
Nanaimo  series,  which  rest  in  irregular  hollows  in  the  Vancouver 
volcanics  (see  Plate  VB). 

Mode  of  Origin,  and  Age  and  Correlation. 

It  has  been  concluded  from  evidence  gathered  in  other  parts 
of  Vancouver  island  that  the  Vancouver  volcanics  were  largely 
of  marine  origin.'  Since  pillow  structure  is  supposed  to  be 
found  only  in  submarine  flows,  its  occurrence  in  the  Vancouver 
volcanics  supports  this  conclusion.  In  the  Nanaimo  map-area, 
no  direct  evidence  as  to  the  age  of  the  volcanics  is  to  be  found 
except  that  they  are  pre-  inaimo,  that  is  pre-Upper  Cretaceous. 
They  arc,  however,  so  similar  to  the  rest  of  the  Vancouver 
volcanics  of  the  island,  that  they  are  almost  certainly  correctly 
correlated  with  the  rest.  They  are,  therefore,  placed  in  the 
Vancouver  group,  which  in  southern  Vancouver  island  is  known 
to  contain  lower  Jurassic  rocks  and  probably  Triassic  rocks. 

Sicker  Sekies. 

Occurring  only  in  the  extreme  southwestern  comer  of  the 
Nanaimo  map-area,  and  except  for  a  few  small  outcrops,  exposed 
only  in  the  canyon  of  Haslam  creek,  are  cherty  and  slaty  rocks. 
Although  more  extensive  southwest  of  the  map-area,  within  it 
they  underlie  a  strip  about  a  mile  long  east  and  west,  and  200 
to  700  feet  wide.     The  rocks  are    all  fine  grained  sediments, 
originally  thin  bedded,  carbonaceous  .-^hales  and  fine  grained 
argillaceous   sandstones,    but   now   metamorphosed   to   cherty 
and  slaty  rocks.     They  are  greatly  deformed  and  even  con- 
torted, and  have  a  general  north-south  to  N.  25°  W.  strike, 
with  steep  dips,  50°  to  80°  to  the  west.     They  are  cut  by  dykes 
of  the  Sicker  gabbro  porphyrite  and  to  the  south  by  a  larger 
.stock  of  tiie  same.     Although  the  contact  is  not  exposed  they 
are  presumably  cut  by  the  Saanich  granodiorite  also.     They 
arc  unconformably  overlain  by  the  basal  cunglomerate  (Benson) 
of  the  Nanaimo  series,   which   is  steeply  folded   against   the 
older  rocks,  and  some  faulting  appears  to  have  taken  place 
along  the  contact.     The  rocks  are  identical  with  the  metamor- 

'  See  Memoir  No.  13,  Geol.  Surv.,  Canada,  1912,  pp.  67-M. 
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ph<  ed  sediments  of  the  Sicker  series  of  the  Vancouver  group,' 
considered  to  be  of  Jurassic  or  Triassic  age,  and  are,  therefore, 
correlated  with  and  mapped  as  the  Sicker  series. 


GRANITIC   INTRUSIVES. 

The  granitic  rocks  which  are  intrusive  into  the  Vancouver 
group  and  unconformabiy  underlie  the  Nanaimo  series  are  of 
three  types:  gabbro-diorite,  Saanich  granodioritc,  and  Sicker 
gabbro  or  gabbro  porphyrite.  Except  for  their  lithological 
characters,  however,  the  typos  are  described  together. 

Distribution. 

The  batholithic  rocks  are  almost  entirely  confined  to  a  ridge 
which  extends  along  the  southern  boundary  of  the  map-area, 
and  which  forms  the  southern  boundary  of  the  Nanaimo  basin. 
The  Saanich  granodioritc  is  the  most  abundant  rock  type, 
and  a  tongue  of  it  extending  northwest  from  the  main  mass 
to  the  south  of  the  map-area,  forms  Mt.  Hayes,  which  steeply 
surmounts  the  surrounding  lowland,  underlain  by  the  Haslam 
shales  of  the  Nanaimo  series.  The  gabbro-diorite  occurs  along 
the  north  flank  of  Mt.  Hayes.  The  Sicker  gabbro  or  gabbro- 
porphyritc  occurs  in  a  large  mass  in  the  western  part  of  the 
ridge,  but  only  a  very  small  portion  is  exposed  within  the 
Nanaimo  map-area,  in  the  southwestern  corner.  A  very  small 
boss  of  the  Saanich  granodioritc  occurs  also  in  the  Nanaimo 
River  valley  near  the  western  boundary  of  the  map-area. 

Lithological  Characters. 
Gabbro-Diorite. 

The  normal  gabbro-diorite,  which  varies  considerably  in  its 
lithological  character,  is  a  dark-coloured  rock,  chiefly  of  medium, 
but  also  varying  grain,  consisting  of  feldspar  and  hornblende, 
with  disseminated  pjTite.  In  places,  the  hornblende,  apparently 
recrystallized,  occurs  in  large  rectangular  crystals  similar  to 

'  Memoir  No.  1,1,  Geol.  Surv.,  Cimada,  1812,  pp.  71-8S. 


i 


■'^^•■•iV..^-^*iiM 


40 

thofe  of  the  Wark  gabbro-dionte  gneiss.'  Near  its  contacts 
with  the  intrusive  8aanich  granodiorite  the  gabbro-diorite  is 
frequently  very  fine  grained,  and  even  passes  into  an  amphibolite. 
These  fine  grained  phases  are  commonly  foliated  and  sheared. 
They  are  also  altered,  impregnated  with  pyrite,  and  cut  by  vtin- 
lets  of  quartz  and  feldspar;  in  places,  the  quartz  and  feldspar 
forramg  numerous  bands  parallel  to  the  foliation. 

The  normal  gabbro-diorite  is  seen  microsconically  to  consist 
essentially   of   plagioclase   feldspar   ranging   irom   labradorite 
(cu.  Ab.  40  An.  60)  to  andoainc  (Ab.  75  An.  25)  with  a  zonal 
growth,  brownish  green  hornblende,  and  originally  augite.     The 
accessories  are  magnetite,  pyrite,  titanite,  apatite,  and  in  ^ome 
varieties  quartz.     The  texture  is  anhedral  to  subh-dral,  and 
crushed   and   partly    recrystallized,    or   secondary    hornblende 
poikihtically  includes  small  feldspars.    The  alteration  is  moderate 
to  I'lrge,   and   it    is   possible    that   much   of   the    hornblende 
IS  secondary  after  augite.     The  other  secondary  minerals  are 
green    biotite,  epidote,    chlorite,    calcite,   sericite,   and   quartz. 
The  finer  grained  and  amphibolite  phases  are  of  similar  mineral 
composition  although  they  contain  no  traces  of  original  augite 
and  are  of  anhedral  texture.     One  fined  grained  phase,  from  the 
northeast  slope  of  Mt.  Hayes,  near  Bush  creek,  is  very  (iifferent 
in  texture,  consisting  of  diver.-ely  arranged  laths  of  hornblende 
and  some  feldspar,  with  interstitial  feldspars,  and  large  irregular 
grains  of  titanite  and  smaller  ones  of  magnetite. 

Saanich  Granodiorite. 

The  granodiorite  is  a  rather  uniform,  light  coloured,  almost 
white  weathering  rock  of  medium  grain  and  somewhat  gneissic 
appear;ince,  and  occurs  in  large  rounded  .edges.  It  consists  of 
feldspar,  quartz,  and  hornblende  and  biotite,  with  accessory 
magnetite.  The  gneissic  appearance,  which  is  not  pronounced 
is  due  to  the  parallel  ilinement  of  the  dark  minerals,  hornblende 
and  biotite.  The  granodiorite  also  contains  a  few  small,  round 
dark  coloured  segregations.  Near  the  ontacts  of  the  grano- 
diorite, hornblende  and  biotite  are  more  abundant  and  the  horn- 
blende occurs  in  large  rectar  -ilar  crystals,  which  give  the  rock 
a  somewhat  porphyritic  apj^  _rance. 

'  Memoir  No.  11.  Q«ol.  Sarv..  Cauda,  1812,  p.  97. 
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The  normal  rock  is  cat  by  lighter  coloured  anlite  dykes  and 
also  by  quartz-feldspar  veins.  The  aplites  are  holocry.stnlline, 
but  of  fine  grain,  and  consist  almost  ent^ely  of  quartz  and  feld- 
spar. A  few  scattered  grains  of  hornblende  and  biotite  are  the 
only  dark  minerals  easily  distinguished  macroscopically.  In 
some  varieties,  the  quartz  and  feldspar  art;  seen,  on  close  iii^pr^o 
tion,  to  form  a  very  fine  graphic  intergrowth,  and  since  the  feld- 
spar is  c  ear,  these  varieties  have  a  uniform  appearance.  Dykes 
of  them,  therefore,  resemble  quartz  veins,  and  have  been  pros- 
pected as  such.  The  granodiorite  is  cut  also  by  coarsely  ery.s- 
talline  veins  of  quartz  and  white,  opaque  weathering  feldspar, 
that  contain  metallic  minerals,  chiefly  chalcopyrite  and  molyb- 
denite. 

The  e8.sential  minerals  of  the  normal  granodiorite  are  andesine, 
(ca.  Ab.  65  An.  35),  microperthite  and  microdine,  quartz, 
hornblende,  and  bintite,  and  the  accessory  minerals  are  magiu;- 
tite,  titanite,  and  ai)atite.  The  microperthite  is  a  fairly  coar.se, 
irregular  intergrowth,  probably  of  orthoclase  or  microcline  and 
albite,  the  former  predominating.  Andesine,  which  has  a  zonal 
growth  in  some  varieties,  is  the  chief  feldspar,  and  forms  about 
35  per  cent  of  the  rock.  Quartz  forms  about  25  per  cent,  micro- 
cline and  microperthite  about  15  to  20  per  cent,  and  the  dark 
minerals  about  20  to  25  per  cent.  The  texture  is  subhedral, 
some  of  the  andesine  and  hornblende  crystals  being  euhedral, 
but  most  of  the  crystals  having  irregular  interlocking  boundaries, 
some  feldspar  even  being  included  in  the  hornblende.  The 
gncissic  appearance,  noted  macroscopically,  is  not  readily 
detected  microscopically,  the  quartz  showing  but  little  strain. 
In  most  places  the  alteration  of  the  granodiorite  is  slight, 
the  secondary  minerals  being  biotite,  chlorite,  epidote,  and 
sericite.  Some  varieties  are,  however,  sheared,  and  more 
altered,  and  are  traversed  by  sericitic  veinlets.  The  rock 
although  very  similar  to  the  typical  Saanich  granodiorite'  is  as  a 
whole  less  altered  and  contains  more  microi)erthite  and  micro- 
cline, a  more  sodic  plagioclase,  and  more  biotite.  These  differ- 
ences are,  however,  not  sufiicent  to  warrant  the  mapping  of  the 
granodiorite  as  of  a  dilTerent  type  from  the  Saanich  granodiorite, 
although  the  WTiter  is  accustomed  to  think  of  the  granodiorite 

'  See  description  Memoir  No.  13,  Gool.  Surv  ,  Canada,  1912,  pp.  102,  103. 
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of  the  Nanaimo  niap-ar«<a  a:    1'    Ladysmith  phase  of  the  Saanich 
granodiorite. 

The  aplites  which  <  tit  the  .  ram   !iorite  are  seen  nucrosoopirally 
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Sicker 

The  Sicker  gabbro  porpb  iit(^-ia  '  "Tf  or,  medium  to  fine 
grained  rock,  consisting  c'  eldsro.  ...  ;n  a  groundni;iss  of 
altered  dark  minerals,  c'lioily  hombl'  nde,  with  small  hut 
occasionally  larger  rcctan'-'ular  crystals  or  phenocrysts  of  feld- 
spar. 

It  consi':t^  es -entially  of  plagioclase  felds])ar,  chiefly  lahradorite 
(ca.  Ai).  40  An.  60),  and  a  pale  bluish  green,  uralitic  hornblende, 
which  =s  probably  sc<  ondary  after  augite.  Magnetite  or  ilmenite 
occurring  in  large  skeleton  crystals  is  virtually  the  only  accessory. 
The  texture  is  subporpliyritic  and  subhedral,  with  diversely 
arranged  feldspar  lath^  and  interstitial  hornblende.  The  rock 
has  been  deformed,  *he  deformation  distorting  the  feldspars  and 
fraying  the  hornblende.  The  altera!  urn  is  slight  to  moderate, 
the  secondary  minerals  consisting  of  shreds  of  biotite,  chlorite 
streaks,  and  a  little  sericite.  The  rock  is  identical  with  some 
of  the  coarse  grained  gabbro  phases  of  the  Sicker  gabbru-diorite 
porphyrite." 

Structural  Relations. 

Internal. 

The  gabbro-diorite  is  intruded  and  brecciated  by  the  Saanich 
granodiorite,  and  the  contact  is  usually  marked  by  a  complex 
of  fine  grained  gabbro-diorite  or  amphibolite  and  granodiorite. 

'  Memoir  No.  13,  Geol.  .Surv.,  Canada,  1012.  pp  7S-80. 
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Both  rocks  ar«  cut  hy  p-anodioritf  aplitcs  un<l  qiinrtz-fcldspar 
v«'ins.  The  Sianich  griiiUKiioritc  and  tin-  g!iM>ro-<horito  are 
clrarly  relat«  «1  lithologically,  jukI  it  is  pr()l)iil)le  thut  the  guhhro- 
dioritf  is  a  marginal  or  poriijhfral  difTcrontialf  of  llic  Siumich 
gran'>diorit<\  The  rehition  of  the  Sjuuiich  graritidioritc  and 
the  f;al)bro-diorite  to  the  Sioker  gal)hro-pi;rphyrito  is  not  known. 

External. 

Elsewhere  nn  Vancouver  island  the  Saanich  granodiorite  is 
intrusive  into  all  the  rocks  of  the  Vancouver  group,  and  in  the 
Nanaimii  map-area,  it  is  intrusive  into  the  Vancouver  volcanics 
exposed  in  the  bed  of  the  Nanaimo  river  near  the  west<Tn 
boundary  of  the  map-area.  The  Sicker  gabbro-porpliyrite  is 
clearly  intrusive  info  the  Sicker  series  exposed  in  Haslam  cre«'k, 
siiK  e  it  forms  large  dykes  and  masses  in  the  Sicker  series.  Elst>- 
where  oi  Vancouver  island  similar  rocks  form  small  to  large 
masses,  restricted  in  their  occurrence  to  the  Sicker  series,  into 
which  they  are  always  intrusive.' 

All  of  the  batho'ithic  rocks  are  unconformably  overlain  by 
the  St  viiments  of  the  Nanaimo  series,  although  the  uncon- 
formable contact  is  not  well  exposed.  However,  the  ba>.il 
conglomerates  or  arkose  sandstones  of  the  Nanaimo  series 
contain  detritus  derived  from  the  batholithic  rocks. 


Mode  of  ORuaN  and  .\gk  and  Couhelation. 

The  granitic  rocks  have  been  crystallized  from  a  molten 
state  under  deep-seated  comlitions.  It  is  prob;ihle,  however, 
that  the  Sicker  gabbro  porphvrite  is  an  injected  rather  than  a 
subjacent  type.  The  Saanich  granodiorite  forms  batboliths, 
and,  as  mentioned,  tli''  gabbro-diorite  seems  to  be  a  marginal 
or  peripheral  phase  of  the  Saani<h  granodiorite  batholiths. 

All  the  granitic  rocks  are  intrusive  into  the  lower  Junussic 
and  Triassic  rocks  of  the  Vancouver  group  and  are  uncon- 
formably overlain  ly  the  Upper  <  'retac''ou-<  sediment-:  of  the 
Nanaimo  series.  They  are  all,  therefore,  of  about  the  -ame 
age  and  were  probably  irrupted  during  tl  •■  general  period  of 
batholithic  intrusion  of  Vancouver  islanii  and  the  Coast  iiange 

'  Mcnii.ir  No.  13,  G«il.  Siir\      Cinada,  1912.  pp.  SJ-84. 
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of  British  Columbia  during  upper  Jurassic  and  possibly  Lower 
C^retaceous  times.  The  granodiorite  of  the  Nanaimo  map-area 
is,  JUS  mentioned,  similar  to  the  Saanich  granodiorite  found 
elsewhere  on  Vancouver  island,  although  it  has  some  minor 
lithological  differences.  These,  however,  are  not  di.stinctiv<! 
enough  to  prevent  the  correlation  of  the  granodiorite  with  the 
Saanich  granodiorite.  The  gabbro-diorite  has  the  same  struc- 
tural relations  as  the  Beale  diorite'  of  Vancouver  island,  and 
similar,  although  not  identical,  lithological  characters,  Ix'ing  as 
a  rule  more  "basic."  The  two  types,  however,  can  not  at 
present  be  correlated  sufficiently  well  to  map  the  gabbro-diorite 
as  being  of  the  Beale  tj-pe.  As  already  mentioned,  the  gabbro- 
porphyrite  of  the  Nanaimo  map-arf^a  is  undoubtedlv  -i  phase 
of  the  Sicker  gabbro-diorite  porphyrites. 

NANAIMO  SERIES. 
General  Description  and  Stratiqraphy. 


r.iying  unconformably  upon  the  crystalline  rocks  are  the 
thick  series  of  sedimentary  rocks  of  Upper  Cretaceous  age, 
whicli  contain  the  coal  seams  of  the  Nanaimo  district.  The 
lower  members  of  this  series  are  fossiliferous,  and  have  been 
designated  by  Dawson*  jus  the  Nanaimo  seiies  (group).  The 
entiri"  series  of  conformable  sediments  is,  however,  generally 
known  as  the  Nanaimo  series  or  Nansiimo  formation.  As  the 
upper  unfossiliferous  member  or  formjition  ((iabriola  ssmd- 
stones)  is  very  unlike  the  Eocene  sandstones  near  the  city  of 
Vancouver,  being  much  more  indurated,  it  i»  very  doubtful 
that  it  is  of  Eocene  age  as  Dawson'  sugg<'sts  it  might  be.  It 
seems  best,  therefore,  to  enhirge  the  scope  of  the  name  Njvnaimo 
so  as  to  embrace  the  eiuire  conforinal>le  series  of  sedimtnitary 
rocks. 

'Ih'!  Naniiimo  fries  consists  of  conglomenites,  sandstones, 
and  shales,  which  are  ale  est  invariably  sandy,  smd  some  coal. 
In  the  Nanaimo  map-area  th<^  series  has  a  total  avenige  thickness 
of  6,760  feet,  and  has  a  maximum  thickness  of  !),()00  feet.     In 

Mrminr  N3.  II,  Geol.  Borv.,  Cai.ida.  >9t2.  pp.  9»-in7. 
'  DawoJii,  «   II..  "Th«  N»ll«imo  grnup";  Am.  Jour.  Soi  .  Vol    39.  1S»0.  pp.  18I»-1S3. 
>  Uavkod,  G.  U,  Bull.  Qool.  8oe.  Am.,  Vol   XII.  IWII.  r  78 
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other  places  on  Vancouver  island  and  on  the  small  islands  off 
the  east  coast  the  total  thickness  of  the  series  is  nearly  10,000 
feet.  As  a  rule,  the  various  kinds  of  strata  rapidly  succeed 
one  another,  and  in  places  the  individual  strata  thin  out  rather 
abruptly  or  are  replaced  by  strata  of  a  different  kind.  In  the 
Nanaimo  maji-area,  however,  many  of  the  strata  are  fairly 
persistent  and  the  series  may  be  subdivided,  but  solely  on  a 
lithologieal  and  stratigraphical  basis,  since  all  the  lower  sub- 
divisions contain  an  identical  fauna,  while  the  upper  subdivision 
is  unfossiliferous.  Perhaps,  strictly  speaking,  these  subdivisions 
should  be  called  "members";  but  since  most  of  the  subdivisions, 
while  more  or  less  characteristic  and  well  defined,  consist  of 
several  kinds  of  strata  and  are  of  considerable  thickness,  the 
term  "merabor"  is  not  satisfactory  as  it  at  least  connotes  a 
single  stratum  or  well  defined  group  of  strata  of  one  kind. 
The  subdivisions  are,  therefore,  called  formations,  and  each 
one  is  given  a  distinctive;  geographic  name.  The  formations 
with  their  princip;.!  lithologieal  character  and  thickness  are 
enumerated  in  the  following  table.  This  is  followed  by  a 
few  type  sections  of  the  Nanaimo  series,  as  measured  on  the 
surface;  and  recorded  in  bore-l,>ios,  that  illustrate  the  rapid 
vertical  gradation  of  the  sediments  and  the  character!  tic 
lithology  of  each  of  the  formations. 

TABLE  OF  FORMATIONS  OF  THE  NANAIMO  SERIES. 


Niimo. 

Lithologioul  chnracU'r. 

Thick  NESM. 

Minimuin 

Maxiimiiti'Avrra^p, 

Gitbriola  formulion 

Northiinilicrland 
formation 

Cliiotly  tliin  t.,  tlii,-|t  l)cil(li.(l. 
y(>lli)\vi>linrcy.  line  to  medi- 
um  Kriinnl,    iind    in   placcH 
concrftioniiry,       sHndslipni's. 
and    Kcunc  slialy   sandHDni^s 
and  «:ind.v  simlcs,  cspcrially 
in  the  u|)i)ir  ptirtinn  

Grey  «andy  slialcs  at  top  and 
hilt  turn  with  H:indt<t(ini-intcT- 
licds  and  dykc-.and  a  middli' 
potliipii    of     thin    to    thirk 
hi'ddcd,      yiliowith      Ricy, 
fiiii-  to  i-oarsc  Ki'iincd,  arid 
concretionary  hand' tones. and 
coarHo   conKioirieraies,    with 
predominating   wcll-iduniliHl 
fracmi-ntH  of  Rranilic.    por- 
phyrilic.iuid  quart  nose  rockH 

1,400 

1,400 
l.L'OO 

1,400 
1,15(1 
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TABLE  OF  FORMATIONS  OF  THE  NANAIMO  SERIES— Con. 


Name. 


Lithological  character. 


TuiCKNESa. 


Minimum  Maximum  Average. 


DeCourcy  tormation 


Chiefly  thick  bedded,  green 
isli  grey,  fine  to  coarse 
grained,  gritty  and  even 
pebbly  sandstones,  in  places 
cross  stratified  and  concre- 
tionary, and  some  thin 
bedded  to  shaly  sandstones 
and  sandy  shales 


Cedar  District  for- 
mation  


Chiefly  grey,  carbonaceous 
and  ferruginous  sandy  shales 
with  numerous  thin  inter- 
beds  and  dykes  of  brownish 
grey,  fine  grained  sandstone 
and  some  thicker  interbeds 
of  yellowish  grey,  coarser 
grained  sandstones 


Protection  forma- 
tion  


Chiefly  thick  to  thin-bedded 
greyish  white,  fine  to  med' 
ium  grained  sandstone,  in 
places  coarse  grained  and 
pebbly,  and  thin  interbeds 
of  shaly  sandstone  and  sandy 
shale 


Newcastle  formation 
( Douglas  coal  seam) 


Newcastle  coal 
seam 
Cranberry  format  ion 


EiiteiuioD  (ormatii 


In  places  composed  chiefly  of 
a  greenish  grit  and  in  other 
places  composed  chiefly  of 
dark  green  sandy  shales  and 
shaly  sandstones  with  lenses 
of  grit.  Contains  Douglas 
coal  scam 


Chiefly  thin  bedded  to  shaly, 
dark  green,  fine  to  coarse 
grained  sandstones,  in  places 
pebbly,  numerous  interbeds 
of  dark  green  sandy  shales 
and  in  places  in  the  middle 
and  lower  portions  fine  sandy 
conglomerates 


Chiefly  quartiose  conglomer- 
ate and  some  coarse  grained 
sandstones,  with  int^^rbeds 
especially  in  lower  portion, 
of  sandy  shales  and  small 
coal  scams 


800 


1.400 


900 


700 


1.000 


600 


750 


125 


400  ? 


200 


SOO 


600 


1.000 


7iO 


650 


17t 


400 


600 
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TABLE  OF  FORMATIONS  OF  THE  NANAIMO  SERIES  — Cos. 


ige. 


900 


710 


I 


Lithological  character. 

Thickness. 

Minimum^Maiimum 

Average. 

Wellington  coal 
scam. 
East     Wellington 

Chiefly    flaggy,    olive    grey, 
fine     to     medium     grained 
sandstone,  few  thin  inttrbeds 
of  sandy  shalea  and  in  places 
of  conglomeratea 

Chiefly  (hin  bedded,  light  to 
dark  grey,   sandy  and  fre> 
quently    carbonaceous    and 
in  places  concretionary  shalns 
and  fine  grained  shaly  sand- 
stones.   Toward    the    base 
predominating       sandstones 
and  arko8e8,and  near  Depart- 
ure bay,  sandy  calcprenites. 

Basal  conglomerate.       .     .     . 

25 

1.50 
0 

50 

800 
400 

Haslatn  formation . 
Benson  formation . . , 

35 

600 

too 

Total 

5,000 

9,000               (l.Tfitl 

650 


17i 


-•» 


400 


600 


Section  of  the  Nanaimo  series  exposed  along  the  shores  of  Gabriola 
and  Mudge  islands,  and  on  Vancouver  island  near  Dodd  narrows, 
including  the  Gabriola,  Northumberland,  DeCourcy,  and  part  of 
the  Cedar  I'istrict  formations. 


Gabriola  formation.    Total  thickne.ss  1.379  ft. 


Thickness 
in  (eet. 


Medium  to  thin  bedded  and  shaly,  yellowish  grey,  medium  grained, 
sandstone 

Bluish  grey  sandy  shale 

Thin  bedded,  shaiy  sandstone  and  sandy  shales 

Thick  bedded  sandstone 

Bluish  grey  sandy  shale 

Medium  beddi^d,  yellowish  grey,  sandstone 

Bluish  grey  sandstone 

Concealed,  probably  shiily  sandstone 

Medium  bedded  and  in  places  concretionary  sandstone,  and  some  with 
platy  structure 

Thick  bedded  sandstone 

Shaly  sandstone 

Thick  bedded  sandstone   with  platy  structure 

Thick  bedded  sandstone,  with  some  sliiily  sandstone  interbeds 

Yellowish  grey,  medium  grained  sandstone 

Yellowish  grey,  coarse  grained  sandstone 

Calcareous  shale 

Yellowish  grey,  medium  grained  and  in  places  concretionary  sandstone. . 

Thin  bedded,  shaly  sandstone  (partly  concealed) 

Thick  bedded  sandstone 

Sandstone,  with  shaly  sandstone  interbeds 

Concealed 

Sandstone 


115 
o 

? 

22 

2 

103 


205 
26 

221 

40 

18 

4| 

I 
SB 
39 
17 
41 
12i 
IS 
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Gabriol* '  .rmation.    Total  thickneu  1,379  ft— Con. 


TbickneM 
in  feet. 

Cone  ^uled . , 

Thick  bedded  sandstone .,* 

Concealed ?! 

T'mek  bedded  sandstone iji 

T^ifel;  bedded  sandstone,  with  platy  structure    qiI 

Coiieealed Si' 

Medium  to  thick  bedded  sandstone,  wit  h  tliin  lentils  of  sliale gx 

Thick  bedde<l,  yclliwish  grey,  medium  graincjd  sandstone,  wiith'shaiy 

sandstone  lentils '  nnx 

Shaly  sandstone "?♦ 

Thick  bedded  sandstone »■ 

Concealed i* 

Thick  bedded,  ■-" — =-'■ ■'  -  - " 

Conreale<l 

Thick  bedded  concretionary  sandstone. 

Shaly  sandstone 

■Sandstone S 

Sandy  shale .......[.... x 

Sandstone o 

Sandy  shale ....[........ i 

Sandstone.  


,  yellowish  grey  sandstone 22i 

33 
40* 


Sandy  shale 

Thick  bedded  sandstone 


i 


i  Lii«.iv    u^;i4UCll   IM>UU3l<J[lt; ly 

Shaly  sandstone,  with  sandstone  intcrbeds  up  to  18  inches  thick 17* 

1  luck  bedded,  light  grey,  medium  grained,  concretionary  sandstone 76 

No.thumberland  formation.    Total  thickness  ca.  1,134  ft. 

Dark  bluish  grey,  concentric  weathering  sandy  shales  (a 

Y  ellowish  grey,  medium  grained  sandstone  ...  in 

Bluish  grey  shale i^. 

Grey  shale  with  thin  beds  of  sandstone            inil 

Concealed,  probably  shale oi' 

Sandstone ;;;;;' °^ 

Concealed [    [[ , ■ 

Thick  bedded  sandstone in 

Concealed ^' 

Conc(*ale™*'"'"'''*'*'' '''"'''''''*  °'^  'O 

Thick  bedded  sandstones  (oalculated  thickness)  ca ocn 

Grey  sandy  shale  and  thin  beds  of  sandstone  (calculated  thickness)  ca! .'  610 

DeCourcy  formation.     Total  thickness  ca.  933  ft. 

Thick  to  thin  bedded  sandstones  and  some  shaly  sandstonea  and  sandy 

shales  (calculated  thickness)  ca...  "  oi.uuy 

Thick  becldedgreenLsh  grey,  yellowish  weathering,  coarseKrainedtogrittv 

san.lHt.,,,,.   with  platy  .structure,  and  concretionary  in  places  lun 

Coarse  gniincd,  thm  bedded,  and  shaly  sandstone...                      « 

1  luck  to  medium  bedde' sandstone,    ...                        •,, 

Thick  bedded,  medium  gained  sandstone. . "  J! 

Shaly  sandstone " 

^'''shal'e  feel's  """"^"^  K^'ned.  and'  concretionary  sandstone^  with  sonu, 

'^'"'ufl'lo  10  n;i:;;s"hick'''"''  '^'^''°'"''  *'"^' "''"'y  """•J-'^no  inte^beds  '" 
Thick  bedded  sandstone,  with  shaly  sandstone  interbcds  up  to'ls'ineheB 

*i'»CK...,,,,,..,.,.,_  1 1 A 

Hluish  grey  sandy  shale. .....". '"; 

Sandstone ' 

r  ;"',VI"^'"°r'''  "7'^  •'''''  '"•'''•^''d'  of  coarse  grained  sandstone.' . :.','."  '  244 

Coarse  trained  sandstone  J' 

Blui.'h  grer-<':?nd.v"hlr"'''  '*"'' ' '"" ''"•^'•'*<"'i»o'<''"»f«-'«fained sandstone  fij 

Thick  beclded  sa'ndstonc. . . . .         If 

Thick  bedded  sandstone,  with  interbcls  of  sliolv  .sandHfone of 

Th,  -l  ".""Vf '^"e'  *'"'  'nterbeds  of  coar^,.  grained  sandstone. ..:.:::::"  381 

Ibiek  h:-dr|c.-i,  r.oFir-- ^ia!::-.!!  sandstone    ,                                                   ^* 


7* 


49 


41 

14 

52* 

3l| 

34 

8S 

SOi 
1 

I' 
22i 
33 
401 

S 

2 

2 
4 
4 
i 

7 

m 

76 


5 


Cedar  District  formation. . 


Thickness 
in  feet. 


Bluiali  grey,  sandy  shale,  with  thin  sandstone  interbcds 16 


Sandsiooo 

Bluish  grey,  sandy  ahalc,  with  thin  sandBtone  intcrbeds 17 

Section  of  the  Nanaimo  series,  exposed  along  the  east  shore  of 
Protection  and  Newcastle  islands,  including  the  Protection,  New- 
castle, and  upper  portion  of  the  Cranberry  formation. 

Protection  formation.    Eiposed  thickness  t)05  ft.  infctt. 

Thin  bedded,  ytilowish  grey,  nicdium  grained  sandstone 44 

Light  grey,  concretionary  .sand.stone g 

Shaly  sandstone 7 

Concealed gi 

Thin  beddod,  greyish  white  sandstone 15 

13| 

4 

4i 

3* 
* 

5» 

15 


Thick  bedded,  greyish  white  sandstone 

Carbonaceous  shaly  samlstom- 

Thick  bedded  sandstone 

Shaly  sandstone 

Thick  bedded  sandstone 

Shaly  sandstone 

Sandstone 

Concealed 

Thick  bedded  sandstone,  with  platy  structure 

Shnly  sandstone  .   "... 'k J 

Circy,  concretionary  sand.stone '        2 

Greyish  white,  shaly  sandstone  g 

Thick  bedded  sandstone,  with  platy  structure 71 

Cnrboacoous  shale,  with  coal  lenses 1 

Shaly  sandstone ..'...'.         1 

Thin  hi'dded  sandstone 31 

■''hick  bedded  sandstone,  with  platy  si ructure 9 

Shaly  sandstone j^ 

Concealed,  probably  shaly  sandstone 41 

Shaly  sandstone 10 


shale 


Thin  and  medium  bedded  sandstone 

Thin  bedded  sandstone,  with  ban, I-  i.f  dark  erey,  carboniiiciiu 

Thick  be<lded.  greyish  wliili',  emss  siratilii  d  sandstone 

Thin  bedded  and  shaly  sancNtom-,  greyish  wliiti-,  carbinaiec.us  in  places 

t'nrbonaceous  and  coaly  slialc 

Shaly  sandstone 

Thin  bedded  and  shaly  saiidsiinc 

Concealed 


107 
l» 
17 
17 

i 

S 


Thick  bedded,  greyish  while  samlst.me '.'.'.....'.'.[.'..  32 

Concealed 7 

Thick  bedded  sandstone ]S) 

Shaly  sandstone 1 

Conri'alcd ......  36 

Thick  bi'flded.  greyish  white  sandstone HO 

Thin  befided  and  slmly  sandstone  3 

Thick  bedded,  yieyi:ili  wliite  .samistone ■>^ 

Newcastle  forniatidn.     Total  thiekm-ss  170  ft. 

Clrey,  sandy  shales,  with  tliin  sandslorv  in*<  rb,  ds   27 

( 'once.-ilcd        ....            j5 

Yellowish  i^ri'.v,  iiiediiini  grained  sand-tiiic 21 

t'lnri'nle.l  I  I),iuiflas  ci^ul  si'ani)         DS 

Sandy  sliules,  with  sandstone  interbeds.  up  to  2  feet  thick :i2 

Newcust  Ic  seam  3 

Cranberry  formation. 

Cunccaleti ,  4j; 

(>rcy,  shaly  sanditone 4 


f 


r^W 
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Section  of  the  Nanaimo  series  in  the  vicinity  of  Millstone  river, 
including  most  of  the  Newcastle  formation,  the  Cranberry  formation, 
and  the  upper  portion  of  the  Extension  formation. 

Nfwrastlo  formation.    Thirkncss  in  auction  175  ft  ''^ii'f^'t!*' 

Grey,  bufT  weathering    fin.-  Handy  conglorn.Tatc.  preaominating  sandy 

matrix,  pebbles  chiefly  well  rounded  and  quart«ose  151 
Olive  grey    fine  grained,  conrcntric  weatheiing  sandstone,  thin  bedded 

and  rather  shaly,  with  more  massive  interbeds  up  to  2  feet  thick  471 

(  oncealcd,  probably  sandy  shales  ami  Douglas  roal  seam  20 
!■  me,  rather  sandy  or  gritty  conglomcrat  s,  with  subangular  to  rounded 

chiefly  quartzoae  pebbles goi 

Concealed,  probably  sandy  ahales  and  Newcastle  coal  ix^am... . .  29| 

Cranberry  formation.    Total  thickness  234  ft. 

Concealed  ^'^  ^""^  shaly ,  dark  greenish  grey,  concentric  weathering  sandstone     49 

Thin  bedded  to  shaly.  ojive  grey,  medium  grained,  sandstone. 51 

iine  conglomerate,  witfi  sandy  matrix  and  subangular  to  subrounded 


5 


pebbles,  averaging  i  inch  in  diameter,  of  quartzosc  and  mcta-volcanic 

rocks 

Concealed 

Thin  bedded,  olive  grey,  medium  grained,  concentric  weathering  sandstone. 

I  oncealed 

Thin  bedded  and  shaly  sandstone 'i 

Sandy  conglomerate,  with  quartzose  pebbles  up  to  3  inches  in  diameter' 

averaging  }  inch  in  diameter .q 

Grey,  medium  grained  sandstone.  .  o 

Concealed 5 

Sandy  conglomerate,  with  quartzose  pebbles. ..  2» 
C<^ce^ed°  ""*^''  ''®*^''''**'  yellowish  grey,  medium  grained  sandstone.. '.  251 
24 

221 


Coarse  to  medium  grained  sandstone,  grading  into  fine  conglomerate 
the  base 


Extension  formation.    Total  thickness  ca.  557  ft. 

Fine  sandy  conglomerate  growing  coarser  grained  downwards  "« 

Coarse  to  mediuni  grained  conglomerate,  with  quartzose  pebbles  and  sjindy  " 

matrix,  growing  sandy  toward  the  base. . .  si 

Concealed ji 

Coarse  to  medium  grained,  conglomerate,  with  quartzose  pei)bles  and 

sandy  matrix ~ 

Concealed,  probably  conglomerate  as  above   97 

Coarse  to  medium  grained  conglomerate,  with'quartzose  pebbles  and 

f?iin(jji  iTi&trix. 1 Q') 

Largely  concealed  to  base,  but  inciudessand'stonos.' shales,  and  conglora- 

"**•'' ca..  300 


Record  of  bore-hole  through  the  lower  portion  of  the  Extension 
formation,  the  Wellington  coal  seam,  and  the  East  Wellington 
formation  to  the  Haslam  formation,  Mountain  district. 

Thirk-    Depth 

(Extension  formation)  ■"l'!'^,  '"'•**• 

Clay  and  coarse  gravel ",  21 

Grey  sandstone ,r:,  ,~; 

Dark  shale ^^f  }35 

Sandy  shale,  carbonaceous  in  places «■  iqo 

Brown  shale %  .J™ 

•■rireclay" -  ^ 

Coal ',  20} 
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Thick- 
ness 
(Extension  formation) — Con.  in  fe«t. 

Sandy  shale,  carbonaceous  in  places 22 

Fine  Kraincd  sandstone 24 

Sandy  shale g 

Fine  grained  sandstone 38J 

Dirty  coal  and  shale 3j 

Soft  brown,  carbonaceous  shale 41 

Coal  (Little  Wellington  seam) 3 

Soft  brown,  carbonaceous  shale 36 

"Fireclay" 10 

Dark  shale 13 

Fine  grained  sandstone 6 

Sandy  shale 2 

Dark  shale 9| 

Coal  (Wellington  seam) 5) 

(East  Wellington  formation) 

Fireclay 3 

Sandy  shale 1 

Dark  sandstone 3 

Fine  grained  sandstone 33 

(Haslam  formation) 

Shale  (contains  marine  shells) 47 


Depth 
in  feet. 

236 

260 

268 

304) 

.308 

349 

332 

388 

398 

411 

417 

419 

428  i 

434 


437 
438 
441 
474 


521 


Summary  record  of  bore-hole  through  the  lower  portion  of  the 

Cedar  District  formation,   the  Protection  formation,   and  upper 

portion  of  the  Newcastle  formation   to  the   Douglas  coal  seam, 

Cedar  district.    {Dips  steep  in  places  so  that  the  relative  thickness 

of  some  beds  is  exaggerated).  Thick- 

ness.    Depth 
in  feet,  in  feet. 

Superficial  di'piwits 36  36 

("lay  and  : 


35 

39 

6 

89 


.sand 

Cedar  District  formation 

Close  Kraincd,  slate  coloured,  sandy  shale 176 

Thin  bedded  sandstone,  slialv  sandstone,  and  sandy 

shale 17G 

Coal 2i 

Shaly  sandstone 208 

Protection  formation 

Fine  to  coarse  grained  sandstone 76 

Dark   shaly   sandstone,   carbonaceous  saniiy   shale, 

and  sandstone 

Grey,  line  Kraincd,  and  in  places  shaly  sandstone 

Sanily  shale,  in  places  carbonaceous 

Sandstone  and  shaly  sandstone 

Coarse  grained  grey  sandstone 34 

Shaly  sandstone 10 

Coarse  grained  grey  sandstone ...       21 

Shaly    sandstone,    carbonaceous    sandy    shale,    and 

sandstone 74 

Grey  sandstone,  with  pebbly  sandstone  layers 124 

Sandy  carbonaceous  shale  and  sandstone. .". 60 

Grey  sandstone 30 

Shaly  sandstone  and  sandstone 42 

Sandstone 38 

Shaly  sandstone  and  sandy  shale 56 

Dark  grey  sandstone 22 

Newcastle  formation. 

Dark  blue,  slaty  (sandy)  shale,    with    carbonaceous 

matter 37 

Douglas  coal  seam. 


ft. 
ft. 
ft. 


ft. 
ft. 
ft. 
ft. 
ft. 
ft. 
ft. 

ft. 
ft. 
ft. 
ft. 
ft. 
ft. 
ft. 
ft. 


378 


414 


754        1168 
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Summary  record  of  bore-hole  through  Cranberry,  Extension,  and 
East  Welbngton  formations  and  Wellington  coal  seam  to  Haslam 
formation,  Cranberry  district.  xhirk- 

Depth 
in  feet. 

to 


Superficial  dcpoHits 

Gravel,  saml,  and  clay. ......' in  '  i. 

Cranberry  fortniitiun *"     " 

Sandy  ehnle  and  ahaly  nandstone;  and  some  sand- 

stone  and  fin';  conKlomeratp.  iiu 

Conglonicrato j 

Sandy  shale  and  gjindstone. ....  •>« 

Connlomeratc  . 

Sandy  shale  u!..i  nlialy  »andstone,  and  some  sandstDno 
and  conglr.iiirralo  .    . 

Conglor.crato . ' . . 

Sandy  nhalo  and  ^^,Hly  sandstone,  and  some  sandstone 


Thirk- 
ness. 
in  foet. 
20 

488 


19 

137 

27 


ft. 
ft. 
ft. 

ft. 

ft. 
ft. 


and  congloineraio .ne      «, 

Extension  formation 

ft', 
ft. 
ft. 
ft. 


Conn'omerate,  chictly  coarse  grained       ki 

Shuly  sandatone  and  .^andy  shale  a 

Coarse  conglomerate     .  oo 

Sandy  sliale  and  atom- °^ 

Conglomerate,  chielly  coarse  grained,  with  2*  inch 

coal  lens  and  2  fwt  of  sandstone. ...  ino 

Shale  *"" 


Coal  (fairly  persistent  seaiu  ?). 
Sandy  shale. 


Coarse consjlomerate  .  At 

aan.I..   ..k..!.. 1 I      .  • ^** 


2 

2J 

16} 


10 


ft. 
ft. 
ft. 
ft. 
ft. 
ft. 
ft. 
ft. 


Sandy  shale  and  sand.stone 

Coarse  conglomerate ji 

Sandy  shale  and  sandstone  in 

Coarse  conglomerate i  la      f , 

Wellington  coal  seam 

r.     *',',',"',,"'''^  ''"''•'  ""''  sHndiitone  partiniis 

Jiast  Wellington  formation 

Sandstone,  and   fine  congloiiierate  or  pebbly  sund- 
stone,  and  some  .hUuIc. 
Haslam  formation 

Kandy  .shale. 


509 


488 


997 


49 


1000 
1049 


Detailed  Description  of  Formations. 
Benson  Conglomerates. 

Di.sTRiBUTioN  AND  THICKNESS.  The  BciiKon  conglomprate 
18  the  basal  conglomerate  of  the  Nanaimo  series.  It  is 
exposed  and  apparently  developed  onlv  locallv— along  the 
north  i,nd  i^culh  shore.s  of  the  ridge  of  cr .  s,";alline  rocks 
north  of  Departure  hay,  around  the  north  flank  of  Mt. 
Benson,  .round  the  boss  of  crystalline  rocks  in  the  valley 
of  the  Nanaimo  river  near  the  western  boundary  of  the  m;ip-area, 
and  in  the  Hasiam  Creek  canyon  in  the  extreme  southwestern 
part  of  the  map-area.  It  v.  well  expo.sed  in  all  of  these  localities, 
but  attains   its  greatest   thickness  and  is  best  exposed  in  the 
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nd 

im 

th 

Bt. 

to 

Ij9 


Haslani   Creek  canyon.      Its  thickness  varies  from  nothing  to 
about  400  feet,  and  averages  about  100  feet. 

LiTHOLoaiCAL  cuARACTERB.  Where  it  overlies  the  Van- 
couver metu-voicanics,  the  Benson  formation  varies  from 
a  fine  to  a  typical  coarse,  basal  conglomerate,  the  latter 
type  being  the  most  common.  It  is  composed  of  Bubangu- 
lar  to  well  rounded  waterworn  pebbles  and  boulders  of 
the  green  nieta-andcsites,  characteristic  of  the  Vancouver 
volcanics,  firmly  cemented  in  a  greenish  matrix  composed 
largely  of  detritus  of  the  volcanic  rocks.  The  rock  exposed  in 
the  Haslam  Creek  canytm  is  a  rather  fine  grained  conglomerate 
composed  of  subrounded  to  rounded  fragments  not  only  of 
the  mcta-volcanics,  but  of  the  slaty  and  sandy  rocks  of 
the  Sicker  series  and  of  the  Sicker  gabbro  porphyrite. 
Here,  too,  the  conglomerate  is  interbedded  with  arkose-sand- 
stones  which  grade  upward  into  interbedded  arkosic  and  shuly 
sandstones  chai.i'teristic  of  the  base  of  the  overlying  Haslam 
formation. 


Haslam  Formation  (Marine  Shales). 

DISTRIBUTION  AND  THICKNESS.  Overlying  the  Benson 
conglomerate  and  in  places  resting  directly  upon  the 
underlying  crystalline  rocks  is  the  Haslam  formation, 
which  is  local!.'  called  the  "marine  shales"  on  account  of 
the  marine  fossils  which  are  found  in  the  sandy  shales  com- 
posing the  larger  part  of  the  formation.  The  Haslam  formation 
extends  along  the  western  border  of  the  map-area  in  an  irregular 
belt  from  one  f ourtl)  of  a  mile  to  over  3  miles  in  width,  and  also 
uuderlies  three  narrow  anticlines  in  the  south  central  portion  of 
the  map-area.  The  rocks  of  the  Haslam  formation  although 
they  underlie  some  cf  the  higher  portions  of  the  map-area  are 
i-sually  drift  cover'd  and  the  exposures  are  largely  confined  to 
the  .streams  that  have  cut  through  the  drift  cover  and  into  the 
H.Hslara  ro?ks.  The  larger  streams,  especially  Haslam  creek, 
have  cut  deeply  into  the  rocks,  forn.ii.g  narrow  canyons  or 
gorges  100  to  300  feet  deep,  with  in  places  nearly  vertical  walls. 

Over  the  greater  part  of  the  map-area  the  thickness  of  the 
Haslam  formation  appears  to  be  fairly  uniform,  ranging  from 
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500  to  800  feet,  averaging  about  600  feet.  In  the  northern 
part  of  the  area,  however,  near  Departure  bay,  the  thickness 
of  the  rocks  which  are  equivalent  to  the  T'.isiam  shales  and 
which  are  placed  in  the  Haslam  fornmtiou,  is  less  than  150  feet. 
It  is  probable  that  the  Haslam  shales  would  be  exposed  to  the 
west  of  Departure  bay  if  the  drift  cover  were  removed,  as  th.-y 
are  exposed  farther  west  at  Wellington;  but  they  would  not  be 
more  than  150  to  250  feet  thick. 

LiTuoLOGiCAL  CHARACTERS.    The  Ha.slam  formation  is  com- 
posed chiefly  of  thin  bedded,  light  to  dark  grey,  fin.-  grained, 
arenaceous  and  frequently   carbonaceous  shales,  which  grade 
into  fine  grained,  shaly  or  argillaceous,  but  siliceous  sandstones. 
The   shales   usually   weather  concentrically  and    thus    appear 
to   have  a   concretionary   structure.     Also,  especially  in  their 
lower  portion,  they  contain  very  dense,  hard,  almost  flint-like 
concretions,  with  a  calcareous  cement,  that  are  3  to  5  feet  in 
diameter  and  about  a  foot  thick.  In  places,  more  especially  in 
the  middle  and  lower  portions  of  the  formation,   as   is  well 
exposed  in  the  Haslam  Creek  canyon,  thin  beds  of  light  grey, 
fine   grained   and   often  fairly  siliceous  sandstones   an?    inter- 
bedded    with    the   typical    sandy    shales.      These    sandstones 
average  less  than  a    foot    in  thickness    and    occur   in   great 
numbers,   from    1    to    10  feet  apart.      The   sandy  shales  are 
usually  fractured  and  frequently  contain  more  or  less  pyrite, 
which    weathering    to    limonite,   stains    the    shales    yellowish 
brown,  e.specially  along  the  fractures  and  bedding  joints. 

Toward  the  base  of  the  formation  the  interbeds  of  sandstone, 
although  not  more  numerous,  are  thicker  and  usually  of  coarser 
grain.  They  grade  into  arkose  or  arkosic  sandstones,  which  are 
mterbedded  with  the  shales.  The  arkoses  either  show  rather 
abrupt  transition  into  the  Benson  basal  conglomerate  or  lie 
directly  upon  the  underlying  cry.>talline  rocks.  The  arkoses 
vary  in  lithological  character,  some  being  composed  largely  of 
the  detritus  from  the  metamorphic  volcanic  and  sedimentary 
rocks  of  the  Vancouver  group  and  others  being  composed 
largely  of  the  detritus  of  the  Saanich  granodiorite.  The  latter 
resemble  more  or  less  closely  the  granodiorite.  They  are 
greyish  green,  medium  grained  rocks,  composed  of  angular 
grains  of  quartz  and  feldspar,  with  flakes  of  biotite,  in  a  greenish 
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matrix.  Under  the  mitroscopo  they  are  seen  to  contain  the 
primary  and  secondary  mincruN  of  tlie  granodiorite,  and  even 
the  accessories,  titanite  and  magnetite.  The  former  are  dark 
green,  hne  grained  rocks,  and  contain  in  addition  to  (juartz 
and  f«ldspar,  fragments  of  the  (hirk,  slaty  and  c  lierty  rocks  of 
the  Sicker  series  and  a  large  amount  of  chlorite,  st  rpcntine, 
and  calcite.  Some  of  the  arkoses  are  carhonaceous,  containing 
small  carbonaceous  and  even  bright  coaly  fragments.  In  a 
very  few  places,  near  the  base  of  the  Hasiam  formation,  there 
are  thin  beds  of  sandy  conglomerate. 

The  upper  limit  of  the  Hasiam  formation  is  usually  the  East 
Wellington  sandstone  and  near  this  sandstone  the  Ha.slam 
formation  consists,  in  places,  of  a  dark,  flaggy  argillaceous 
sandstone.  In  the  southern  part  of  the  map-area  the  Hasiam 
formation  appears  to  be  directly  .verlain  by  the  Extension 
conglomerates,  and  on  Bush  creek,  near  these  conglomerates, 
there  is  at  least  one  stratum  of  a  fine  conglomerate  with  a 
dominant,  dark,  carbonaceous  and  sandy  matrix,  interbedded 
with  the  typical  Hasiam  ^andy  shales. 

CALCARENiTE.  Near  the  shores  of  the  ridge  of  Vancouver 
meta-volcanics  north  of  Departure  bay  the  basal  conglomerates 
and  the  meta-volcanics  themselves  are  overlain  by  a  thin-bed- 
ded but  coarse  grained,  and  in  places  pebbly,  olive  green  sand- 
stone, that  contains  a  large  number  of  shell  fragments.  West  of 
the  biological  .station  on  the  north  shore  of  Departtire  bay,  the 
shell-fragments  or  shell-sand  compose  about  65  per  cent  of  the 
rock,  the  rest  of  the  rock  consisting  of  the  detritus  of  the  Van- 
couver meta-volcanics,  the  whole  firmly  cemented  with  calcite. 
There  are  also  a  few  lenticular  beds  up  to  4  inches  thick  of  a 
fairly  pure  limestone  composed  of  the  shell  sand.  A  partial 
analysis  of  the  prevailing  type  is  given  below. 


Insol.  mineral  matter 15-42 

Ferric  oxide  and  alumina 5-40 

Lime 42-51' 

Magnesia 0-94^ 

1  Equiraleflt  to  calcium  carbonate  7.^-73. 

'  Kquivalent  to  maKneeium  carbonate  1-94. 

H.  A.  Leverin,  analyat,  Mines  Branch,  Department  of  Mines. 
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A  rock  suoli  as  ihi^,  < ,  nipo.-jxl  of  shell-suiul,  is  known  a.«i  :» 
calcanmite,  although  in  tii<  in^tauc*'  flu;  rock  is  an  iinf  iini  or 
aisjujy  calcarcnit'  .  In  ordc;  o  distinRuish  U'twftn  thi;*  pi  uliur 
rui-k  and  the  m-t  of  IfasUin,  ux-ks  it  i-  shown  1>'  a  difT.  rent 
colour  on  the  accompanying  j;.  .logical  map,  and  i  called  the 
Hiislum  calcarenitf'. 

Last  WcUinglon  Sandsloiu. 

DisTiuBi'TK  V  AND  THLKNEsa.  The  Upper  portion  of  thy 
flaslam  forma- ion  almost  invariably  grades  ui)ward  into,  or  is 
limited  l>y  a  ti.in  Ixdded  or  flaggy  sandstone,  called  the  East 
\\  Hlington  sandstone,  which  is  usually  the  floor  of  the  Welling- 
toi,  coal  seam.  It  is  well  exposed  only  in  a  f.-v  localities,  near 
the  iOjvst  Wellinjjton  coiliery  of  the  Vancouvcr-Xanaimo  Coal 
f'omiKiny  and  the  ohl  Jini^le  Pot  -lope  in  Eas'  Wellington,  and 
to  the  southwest  of  Exwnsion.  It  is  shown  on  the  accompany- 
ing map  only  where  it  is  positively  known  to  occur,  but  it  is 
probable-  that  it  has  a  more  wide-spread  distribution.  For 
example,  it  outcrops  and  is  known  to  form  the  floor  of  the 
Wellington  s.-am  on  thi-  souttiwest  side  of  the  Extension 
(anthlinnl)  valley,  but  was  not  identified  on  the  northoa.st 
side  of  the  valley,  although  there  is  little  question  but  that 
it  occurs  there.  It  varies  m  thickness  from  about  25  to  50 
feet,  averaging  nearly  35  fee- 

LiTHOLOGiCAL  CHARACTER  The  Sandstone  is  olive  grey, 
w.-athering  to  brownish  grey  or  yellowish  brown,  fme  to 
medium  and  rather  uniformly  grained,  and  tliin  bedded  and 
flaggy.  It  is  composed  chiefly  of  angular  quartz  grains,  with 
some  feldspar  and  light  and  dark  mica  in  a  brownish  green 
matrix  composed  of  cahif,  chlorite,  and  serpentine,  with  an 
abundant  calc  ireous  cem'-nt.  In  a  few  places  the  sandstone 
contains  thin  mterbeds  ui  sandy  shales,  identical  with  the 
underlying  Ha-iam  shale  .  Less  frequently  the  sandstone  is 
coarse  grained  .ind  contains  thin  interb<ds  of  fine  to  medium 
grained  conglomerate. 

Wellinglon  Coal  Seam. 

As  stated,  the  East  Wellington  sandstone  is  the  floor  of  the 
Wellington  coal  seam.     The  s^-am  is  overlain  by  the  Extension 
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format.on,  and  in  places  has  a  roof  of  sandy  sj.ale  .,,,1      .iu 

part  fron.  Han>wo..d  ,,la,u.H  to  th,-   Nanann..  nwr      IJHu/en 

ho  two  lo...d.t,e.  „ud  .ourh  of  t!.,-  Nanu.mo  m  .r  its .    v.     ,   "  ' 

IS  problcrnjitii  al.  *' \<i"f'inent 


ExliHstoii  Formation. 


nisTiin 


of  in,.  Lxtcvn.unforn.Uion  l,y  foM.n«  a,,,/,  ,|,  ^^  •  '  ■  J'^'^ 
3  nules  wui...  J..x....pt  wh.n.  .o^.r,..!  !„  . h.  Pn--.!'.-,  1" 
glarial  (i<  posts  nortli  -ukI   iv,.f      iV        ■  i   '^    ..u,.     ,iI.t- 

„.„    1  ■  '  •^""  ^*'^^-"*  ^'  N>niimo,  ;,riil  hv    !  .  r,,l. 

Hood  .ands  and  Rrnwls,  |,otwm,  \a,...„no  iuvr  -,,..1  ,(•.  , 
--k,  the  ro..kH  .f  the  Kxt..n>i.,n  ror„.ati.n,n;,:  .':,,.,  ; 
th.>   tonglomeratos,  an-  wll   exnos  .,l       ti        t  ^  ' 

1  Ut..   Ill)       ihos,.    l„.d,hng   or    l>a..k   slopes     ar.-    voy.nd    in 
Plaoos  w.th  a  f.w  in.-hos  to  .  f.-.v  foot  uf  drift     .ut  ^        '," 
tiny  aro  rather  hare  (soc   I>l-,t..    l\\\s      -n      \-  , 
Extension  formation  va;;.^;:;;,      ^    ;    ,     l,     ^f -^  ^  ^'l"^ 

n,ap-an.u.      Ihe  average  thickness   is  ahout  m)  Li. 

Hh.,h  makes  up   th..  greater  part  of  the  Kxt,,,siou  tonn.tiun 
-  a  fajriy  un.form  and  ehara..,eri..i,.  roek,  .unsistiu,  o      i    !     ' 

.<»  'n.  h  ,n  d,an„.„.r,  „,  a  m-diuni  to  eoarse  Kraiue.l   -aidv 
:;^nx,  the  fragments  and  matrix  being  about  e.,ua         n^^ 

bctn  drrfr"'"'""'"'"^^^^  '""^^''^  •"''"-*^-  h-"« 

ehl^f  ^'"V', /'"'"  ''"^''■'^  ^•'^'"■'^  ^"<1  ^••o.n  the  v<.ry  fine  grxined 
Che  ty  and  s.heeous  shuy  roeks  of  the  Sicker  series.  Tlu"  are 
of  V   r  ous  eolours,  greys,  greens,  broHTis,  and  re.ls.     F,,gi^ 


r^ 
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of  th?  V;incouv«>r  mrta-andositos  arc  fow.  Tlic  matrix,  wliioli  is 
grcciiish  prey  and  l)r()wiiisli  wcatlicriiif:,  consisis  of  a  quartz 
and  feldspar  sand,  in  a  fino  grccnisli  matrix  composed  of  chlor- 
ite and  hiotite,  the  whoh"  Ix'inR  firmly  ("mentcd  hy  secondary 
quartz  and  calcite.  In  a  few  placej^  the  sandy  matrix  as  well 
as  the  associated  sandstones  are  coacr<'tionary.  Toward  tho 
base  of  the  formation,  tiie  conj;lomerato  is  iiner  grained,  the 
pehbles  are  more  rounded,  and  the  matrix  more  abinidant, 
and  it  grades  into  coarse  grits  :ind  pehhiy  sandstones.  There 
are  numerous  interheds  of  coarsegrained  and  gritty  sandstones, 
especially  in  the  lower  p.art  of  the  formation,  and  there  are 
also  a  few  horizons  of  sand-;tones  and  associated  sandy  shales 
or  shaly  sandstones,  Uw  thickest  ixMiig  about  80  feet.  As^o- 
ciattHJ  with  the  latter  rocks  are  a  few  thin  coal  seams  and  lenses. 
Although  fairly  persistent  in  places  neither  the  coal  seams  nor 
tho  associated  shaly  rocks  are  persistent  over  large  areas,  and 
cannot  be  mapped  independently.  The  base  of  the  formation, 
which  is  tilt!  roof  of  the  Welliiigton  coal  seam,  is  usually  sandy 
^■hale,  but  in  several  places  the  conglomerate  rests  directly 
upon  the  coal.  In  the  central  and  southern  parts  of  the  belt 
underlain  by  the  Extension  form.ation,  sandstones  and  sh.ales 
are  confined  to  relatively  thin  interbeds  in  the  tyi)ical  massive 
conglomerat<>,  although  in  the  extreme  southern  portion,  to  the 
west  of  Ladytmith,  the  formation,  which  is  there  ])(Mirly 
exposeu  appears  to  ecnisist  largely  of  greyish  white,  medium 
grained,  siliooous  sandstones.  In  tho  northern  part  of  tho 
belt,  in  th  >  vicinity  of  Kast  W'ellingtcm,  the  lower  half  of 
the  formation  consists  largely  of  sandstones  and  shales,  and  the 
upper  half  consists  amiost  entirely  of  massive  conglomerate. 

Cranftcrrji  Fonnatior . 

DisTUiBUTioN  AND  TiiicKNKss.  Tlie  Cranberry  formation 
which  overlies  the  Extensi(m  formation,  outcrops  along  a  belt 
extending  from  noi-thern  Newcastle  islantl  to  Ladysinith.  The 
width  of  the  belt  averages  almost  half  a  mile,  but  in  the  central 
part,  west  of  South  Wellington,  the  belt  widens  to  over  a  mile, 
on  account  of  repetition,  owing  to  faulting  and  folihng.  The 
outcrops  of  the  Cranberry  formation  are  comparatively  small 
and  few.     The  formation  is  best  exposed  west  of  South  Wel- 
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and  sandstones,  whicli  nuiy  Ix'  liMtii-ular  in  .-hnpo,  arc  doubtful, 
but  it  is  mapped  as  a  part  of  the  Cranberry  formation. 

Newcastle  (F.ovrr  Douglas)  Conl  Seam. 

The  upper  limit  of  the  Cranberry  formation  i>  the  Ncnvca.^tle 
coal  seam,  or  as  it  is  sometimes  loctdly  called,  the  Lower  Douglas 
seam.  The  seam  is  overlain  by  tiie  rocks  of  the  Newcastle 
formation.  It  is  well  defined  in  the  nortliern  and  central  part 
of  the  Nanaimo  map-area,  and  its  po.-ition  can  be  f.iiily  well 
located.  It  is  poorly  defined  in  the  southern  part  of  tlie  map- 
.irea  and  may  be  al)s>'nt,  and  even  south  of  Chase  river  il  is  of 
doubtful   conmiercial   thickness   and   (juality. 


Neircadle  Fonnatio?'.  and  DntKjIds  Conl  Scam. 

DISTRIBUTION  AND  THiCKNKss.  The  Newcastle  formation, 
which  contains  the  Houglas  coal  seam,  directly  overlies  the 
Newcastle  coal  scam.  The  fonn.itlon  outcrops  along  a  belt, 
averaging  le.ss  than  half  a  mile  wid  ,  exteiuling  from  northern 
N<?wcastle  islind,  through  the  city  of  Nunainio  and  the  town 
of  South  Wi'llington  to  Ladysmit^.  Excei)t  whero  covered  by  the 
Culwood  sands  and  gravels  the  outcrops  of  t  he  formation  are  fairly 
numerous,and  its  upper  contact  with  the  I'rotection  samlstones  is 
very  well  defined  in  mo.-t  placets.  The  thickne.^s  of  thi;  form- 
ation varies  from  12.">  to  possilily  -lOO  fret,  and  aver.-iges  about 
17,')  feet.  In  the  vicinity  of  Nanaimo,  where  it  is  <'onipo<i'd 
cniefly  of  grit,  it  is  about  2.">()  feet  thick,  but  on  Newcastle 
island  and  near  South  Wellington  where  the  formati<jn  consists 
largely  of  slialy  sandstones  niid  sandy  .-hali  s,  it  appr<jaclies  its 
minimum  thickne.s.s  of  12.')  feet.  It  reachi's  its  maximum  tlii'k- 
ness,  not  well  determined,  only  in  the  extreme  soul.icrn  part 
of  till-   map-area. 

The  Douglas  coid  seiini  nci  urs  in  tlie  Newcjistii^  form  ition 
about  2.")  to  KM)  feet  abovi'  the  Newca-tle  --cam.  aixl  from  50 
to  jji'ihaps  2."j()  !'e(  I  below  the  lop  of  the  foriu.itioii.  The  seam 
is  well  developed  from  nortliern  New<Mstle  i--laud  to  south  of 
Nanaimo  rivi'r,  the  outcro))  of  the  seam  cr<i-..-iug  the  river  near 
the  K-iquimalt  and  N:in:iimo  Kaiiway  bridge  at  C.issidy.  Indi- 
cations of  the  .seam  also  occur  as  f  ir  south  as  Hu^h  creek,  a  mile 
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north  of  Lady.mith.     Th.  -seam  is  woU  defmod  and  there  are 
exposures  at  the  following  places:  on  the  east  and  west  coasts  of 
Newcastle  ..land,  at  the  Brechin  mine,  in  Nanaimo,  north  of 
Chase  nver,  m   the   vicinity  of  South    Wellington,   and  near 
the  Nanaimo  river.     Farther  south  there  are  no  good  exposures, 
but  .ince  the  seam  is  so  well  developed  near  Nanaimo  river 
and  smce  outcrops  of  coaly  shale  with    coal   lentil,  occur  at 
about  the  coal   horixon  in  Bush  creek,  where  crossed  by  the 
Extension  railway  of  the  Canadian    Collieries   Company,    the 
soutlns-ard  extension  of  the  seam  is  assumed.     The  roof  and 
H<.or  of  the  seam  vary  from  grit  to  sandy  shale,  corresponding 
tair  y  closely  to  the  smiilar  variation  in  the  lithologicai  characte- 
of  t  ..-  Newcastle  formation.     The  former  conditions  prevail  in 
the  vicinity  of  Nanaimo,  and   the  latter  nt  South  Wellington 
and  at  the  Brechin  niin-. 

LiTHOLOGKAL  cn.Me.vcTKHs.    The  rocks  of  the  formation  vary 
:omev.hat,   although   usually  having  .leterminative   cbaracter- 
istuv.     The  most  <  haracteristie  .uul  ahund.-mt  rock  is  i-n  oiive 
green,  brownish  weathering,  aiul  in  a  few  places,  cross-bedded 
grit.     It  IS  ,on.pos,.,l  of  ,mall  angular  to  rounded  chiefly  .ubi 
rounded     fragment <.     1     to     5     mm.    (,',    to    ,'     inohes)    in 
diameter.  ..f    elu-rty  or    slaty    rocks  an.I  meta-andesites  in   a 
sand-    matrix,  whuh  is  in  small  amount,  composed  of  angular 
quiutz  and  feld.p^ir  grains,  ami  some  biotite  .and  chlorite      It 
IS  cemented  rather  weakly  by  limonite.     In  the  grit  are  a  few 
rather  thin    b.-ds    of    eonglomerate  of   a  similar  compo.sition 
in    places,    as    in     Nanaimo,    almost    th,«    entire    formation 
with    the    exce,,tion    of    ,i    f,.w    interbeds    of    thick    to   thin 
I'cdded,    medium    to   fine   grained    sandstone   consi.sts    of   the 
gnt      In  other  pi.e.s,  as  northern  Newcastle  island  and  near 
South    Wellington,    the   formation    consists    l.argelv    to    almost 
entirely  of  dark  gr.rn,  concentric  weathering  sandy  shales  and 
tlim  bedd,.,l,   shaiy  sandstones,   that  are  eoniposed  largely  of 
detritus  of  tiie   Vancouver   met.a-volcanics.     Interbedded  with 
these  shaly  rocks  are,  however,  lenses  of  the  characteristic  giit 
and  in  most  localities  wheiv   the  shaly  rocks  predominate  the 
grits  form  at  cert.ain  horizons  fairlv  thick  strata      The  rocks 
more  espe.ially  the   sandy  shales,  are  in    some    portions    car- 
inmaceous,    coi.t.iining    many    so-called  "coal    markings"    and 
even  coaly  fragments. 
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Protection  Formation. 

DISTRIBUTION  AM>  TmcKNEHS.  Tho  NcwcahtU'  is  ovcilaiii 
l)y  a  formation  coniposcd  chifflj-  of  a  rliarac1<Tistic  sandstone, 
wiiich  is  the  best  horizon  inaikor  in  the  Nanaimo  series.  Tlie 
formation  i.s  called  the  Protection  from  its  typical  development 
on  Protection  island.  It  umhrlies  a  belt  extending  from  New- 
castle island  to  l.aiiysmith,  1  to  IJ  miles  wide  in  the  northern 
part  of  the  map-area  and  narrowing  in  the  extreme  southern 
part,  where  the  dips  are  high,  to  less  than  one-fourth  of  a  mile. 
J'he  formation  is  also  exiwsed  4  miles  east  of  the  main  i)elt  on 
K«)und  island,  a  small  island  1|  miles  southeast  of  Dodd 
narrows,  in  Trincomali  cliannel,  which  follows  an  anticline, 
'i'iie  ProUH'tion  .sandstone  is  fairly  well  expos(>d,  forming 
sin.ill  hut  numerous  outcrops.  The  lower,  western  contact 
of  the  formation  c.ui  be  fairly  well  deU-rmined.  The  upper 
■  ontaci  with  the  (  edar  Li.-tr.rt  shaies  is  transitional  in  character 
and  rather  indefinite,  ami  ( aji  be  well  ioi-ated  only  where  it 
crosses  the  Nanaimo  river.  The  formation  is  more  uniform 
in  thi'kness  than  most  .if  tlie  otiiers,  varying  from  liOO  to  7.')() 
l«'et,  aod  averaging  about  0">0  feet. 

LiTMOLouiiAL  iiiAiiA.  TKits.— The  formation  consists  chiclly 
of  agreyisli  white,  fine  to  medium  and  uniformly  grained  sand- 
stone, consisting  of  subangular  grains  of  (piartz  or  of  rpian/ose 
rocks  and  clear  or  white  we.-ithered  feldspar,  shreds  of  biotile 
and  s(mie  white  mi' a,  ami  a  f<'w  green  ami  red  grains  of  other 
minerals.  TnchT  the  microscojw  the  rock  is  seen  1)  T'onsi^t 
largely  of  granodioritc  (h'tritus:  both  orthcdase  and  i)lagiociase 
feldspar  are  present,  whii«'  the  accessory  and  sei-imdary  minerals 
include,  b(\side>  those  mentioned,  epidot<>,  chlorit<',  magnetite, 
and  kaolin.  The  rcnient  is  chiefiy  second;u-y  silica,  .•uid  is  jiot 
always  sufficient  to  bind  the  rfick  firmly.  The  sandstone  is 
ihic';  to  thin  bedded  and  in  placi :-  is  -ven  tlaggy.  Imt  the  thick 
beds  are  most  .unnnon  i^ce  Plate  \T  A).  Some  bed,  are 
cross  str.'itilied  and  even  concretionar>',  and  weather  in  a  con- 
centric or  hi>aeyeumi)ed  fashion.  .VHIiough  usually  grcvi-h 
white,  we;ilhering  to  a  diriy  or  brownish  grey,  some  beds  are 
slightly  ferruginous  and  have  a  yellowish  grey  colour  on  fresh 
fracture,  and  a    brown   we;it tiered   surface.     In  several   pl.ices, 
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especially  toward  the  middle  portion  of  the  formation,  the  sand- 
stones are  tcnrse  grained  and  pebbly  and  pass  into  fine  conglom- 
erates with  w<  il  rounded  fragments  of  quartz  and  quartzose 
rocks.  Interbeddfd  with  the  sandstones  are  fairly  numerous 
rather  thin  bedo  of  olive  grey,  shaly  sandstones,  and  of  darker, 
carbonaceous,  siliceous,  sandy  shales.  These  bods  are  more 
numerous  and  thicker  in  the  upper  part  of  the  formation 
and  are  transitional  into  shales  of  the  overlying  Cedar  District 
formation.  There  an;  also,  usually  associated  with  the  shaly 
interbeds,  small  coal  lenses  up  to  a  foot  in  thickness,  none  of 
which  are  of  commerr  :il  value. 

Cedar  District  Formation. 


DISTRIBUTION  AND  THICKNESS.  Overlying  the  Protection  is  a 
formation  consisting  chiefly  of  shaly  rocks  called  the  Cedar 
District  formation.'  T+iis  formation,  which  is  the  least 
resistant,  underlies  a  wide  valley  with  a  nearly  north-south  trend, 
extending  from  the  mouth  of  th<-  Nanaimo  river  to  Ladysmith 
(Oyster)  harbour,  the  larger  part  of  the  valley  occurring  in  Cedar 
district.  The  formation  is  also  exposed  2  to  3  miles  to  the  cast, 
on  the  shores  of  Vancouver  and  Mudge  islands  south  of  Dodd 
narrows,  occurring  on  the  limbs  of  the  anticline  underlying 
Trincomali  channel.  The  upper  part  of  the  formation  is  well 
exposed  along  the  shores  at  the  latter  places,  but  in  the  valley 
the  formation  is  largely  drift  covered.  There  arc,  however, 
several  small  scattered  outcrops,  and  portions  of  the  formatioii 
are  fairly  well  exposed  at  a  few  places  along  the  Nanaimo  river. 
Therefore,  although  the  contacts  of  the  formation,  which  are 
both  transitional  and  rather  indefinite,  can  not  be  accurately 
located,  the  gen<'ral  position  and  shape  of  the  outcrop  of  the 
formation  can  be  fairly  well  determined.  The  thickness  of  the 
formation,  like  that  of  the  Protection  formation,  is  fairly  uni- 
form, and  varies  from  700  to  possibly  1000  feet  in  its  southern 
portion,    averaging  about    ToO   feet. 

LiTHoi.oGirAL  cHARACTKRs.  Tho  formation  consists  chiefly 
of  (lark  grey,  concentric  weathering,  carbonaceous  and  fcrru- 
^nous,  fine  sandy  shales,  with  a  great  number  of  thin  (1  to  3 
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inches)  intorbods  of  brownish  Rroy,  rather  fine  grained  sandstones. 
In  the  shaU's  are  nodules  or  concretions  of  sandstone,  up  to 
6  feet  in  diameter  and  1  foot  thick,  which  are  cracked  and 
filled  with  hardened  mud.  There  are  also  several  ratlier  thick 
(1  to  20  feet)  hcds  of  yellowish  grey,  medium  to  coarse  grained, 
sandstones.  Thes<!  are  in  places  concretionary,  cross-hedded, 
and  ripple  marked.  The  thick  beds  of  sandstone  are  more 
numerous  in  the  upper  part  of  tli-  formation,  and  in  the  overlying 
DeCourcy  formation  they  ijreatly  predominate.  The  shales 
arc  not  only  interbedded  with  sandstones,  but  are  cut  by  a 
large  number  of  sandstone  dykes  up  to  '.i  or  4  feet  in  width 
(see  Plate  VII  A.)' 


DcCouu  ,  Formation. 

DisTRincTioN  AND  TiiiKNF.ss.  Ovcrlying  the  Cedar  District 
shales  is  a  thick  and  fairly  uniform  formation  of  sandstones, 
called  the  DeCourcy  formation  from  its  typical  devek)i)ment  in 
the  DeCourcy  group  of  islantls.  The  DeCourcy  formation 
extends  from  Jack  ])oint,  a  long  narrow  point  east 
of  Nanainio,  along  the  ea>t  coa«t  of  Vancouver  i^^land 
to  tJK-  high  niiigc  (if  hill-,  tailed  the  Woodley  rang?,  on  the  east 
side  of  I,a..y-.mith  (Oyster)  harbour.  The  formation  also  forms 
the  greater  part  of  Mudge,  Link,  and  DeCourcy  islands  of  the 
DeCourcy  group,  on  the  northeast  side  of  Trincomali  channel. 
The  two  areas,  which  join  at  Dodd  narrows,  outcrop  in  the  two 
limbs  of  the  Trincomali  anticline.  The  o\itcrop  in  the  north- 
east limb  averages  h"^^  than  half  a  mile  wide,  but  on  account  of 
a  number  of  op<n  folds  the  outcrop  in  thesouthw-^st  lind)  varies 
from  1'  to  4  niih's.  The  rocks  of  IIks  formation  are  very  well 
e.xpoM'd  since  they  form  numerous  cue-ta  ridgi'<.  The  contacts 
of  the  formation,  howev(  r,  can  only  be  accurately  located  in  a 
few  pliU'cs,  but  the  general  pijsiiiou  and  e.Ktcnt  of  tie'  outcrop 
can  be  well  determined.  ()v<'r  the  laricest  i)art  of  its  extent  the 
formation  is  about  900  feet  thick,  but  in  thi  Woodley  range  the 
thickness  increases  to  1,400  feet. 

LniioLOfiu  AL  niARACTEus.  The  prevailing  rock  of  the  form- 
ation is  a  greenish  grey,  yellowish   brown  weathering,  fine  to 

'The  snn.l«tone  ilvkus  n!  hnth  Ihf  Teilrir  Di^lrirt  nn.l  Norehumberland  shaltn  are  trufcUj 
in  more  <leUil  unJir  '  Slruclural  CJwIngy  of  the  Numumo  ssries." 
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coarse  grained,  gritty,  and  evt-u  pebbly  .sandstone  composed  of 
imguar  grams  of  quartz,  feldspar,  and  meta-a.ulesite,  and 
Bhred-s  of  muscovite  and  biotite,  in  a  greenish  matrix  composed 
chiefly  of  chlorite.  It  is  seen  mi.To.-copically  to  contain  also 
market.!..,  titamte,  and  "pid-tc     Its  cement  is  siliceous  and 

IrT",T;      \  '"  '^"'^y  '^''^  ^'''^^'''^'  »'»*  *•"'••'"  ar«  m^my 

!?IRN      TK    *""''  ?'"'  ""•'^^'  ""■  '^'''^y  '"•^'•'^^*  P«'-»'"»«  («-«  Plate 
vie;.     Ibe  sandstone  i.s  frequently  cross-bedded  and  concre- 
tionary.    Som,    of  the  concretions  are  very  large,   having  a 
max,mum  di.onct.r  of  10  feet.      They  are  frequently  fiasured 
and  failed  with  n.durated  m,„l  or  fine  sand,  but  in  many  places 
when  exposed  to  weathering  the    fissure   filling  has  weathered 
out.     The    concretions    themselves    frequently    weather    out 
leaving   round    holes    in  the  sandstone.       The  sandstone  also 
weathers  into  '  galleries  •'  with  honeycon.be.l  surfaces.     In  the 
Woodley  range  the  sandstones  are  jw  a  rule  very  coarse  and 
pns.s  mto  conglomerates  with  large  subangul.nr  to  well  rounded 
fragments,   av  r.-tging   over   an    in.h    i„   diafMter,    of   quartz, 
meta-volcanics,  granodiorite,    ,„.l  srrano.iiorite  pr,rphvTite<    in 
a  sandstone  m.atrix,    whi.  h   pr.  .luminates.     Int.  rhed<l,.d   with 
the  sandstones  are  relatively  thin  i.e<ls.  a  few  inches  to  2  or  4 
feet    m   l  .,<•!.  „ess.   of   darker,   carlmnaceous  sandv  shales   and 
shaly  sandstones,  and  in  a  f.-w  pi.  (.s  these  beds  contain  lenses 
ot  coal.     These  sh.-tly  interbeds  ar..  more  numerous  i„  the  lower 
and  upper  portion-  of  the  f-  ;mati.m.  which  is  transitional  into 
the  Cedar  District  shales  l„.|ow  and  the  lower  shales  of  the 
Northumberland  formation  above.     The  transitional  zone.  100 
to  .00  feet  thick  cons,.t  of  interbedded  sbalv  sandstones  or 
^andy   shah^s   an<l    thick    l>e(Med   sandstones,   h.    about  equal 
amount.     The  first  bed  of  coarse  sandstone  20  fc.t  or  more  in 
thickness,  IS  conMdered  as  the  bottom  or  top  of  the  DcCorrcy 
formation.  '    ■^ 

NorthumherJan<}  Formation . 

DiSTK.BirTiON  ..ND  THL  KNESS.      Ovoiving   tho    De  Couny 
ormation  is  a  very  heterogeneous  format i.,n  which  is,  howev.T 
limited  at  its  top  and  bottom  b>   beds  uf  sandy  shale     The 
bottom  shale  persists  thioughout  the  Nanaimo  basin  and  the 

'  Sm  mow  rompieta  dawripUo..  ufldgr  Gabriel*  (ormation. 
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upper  shiilc  persists  tliroughout  tho  Nruuuino  m:.p-arca,  althouRh 

to  the  soutlicast  it  is  ahscnt  in  plu.vs.     Witliin  tho  Xanaimo 

map-area  tho  formation,  which  is  cailod  tlie  Xorthuml)crhin(l 

formation,  sinco  it  is  host  oxposod  aluus  tho  northeast  shoro  of 

Xorthumboriand  cliamicl  on  th<'  sontiiw<'st   shore  of  (lahriola 

ishmd,  is  virtually  confined  to  Cahriola  island,  and  outrroi)s 

alons  tho  northeast  and  southwest  coasts  of  the  island,  which 

is  a  synclinal  ridge.     However,  tho  formation  is  shown  on  the 

accompanying  map  as  underlying  a  small  area  in  the  southeast 

part  of  the  map-area,  south  of  JvuUeet  bay.     The  hard  rocks  in 

this  vicinity  arc  entirely  drift  covered,  hut  from  the  information 

on  hand  concerning  the  thickness  and  structure  of  the  uniler- 

lying  DeC'ourcy  formation,  tho  Xorthumherland  formation  must 

outcrop  holow  tho  drift  in  this  vicinity.   Tlio  width  of  tho  outcrop 

is  only  from  one-fourth  to  a  little  more  than  one-half  a  mile  wide, 

a  i)ortion  of  tho  formation  coming  to  the  surface  only  holow  sea- 

kvel.      However,  in  tho  False  narrows,  between  (;ahrit)Ia  and 

JMudge  islands,  several  outcrops  of  this  portion  of  tho  formation 

are  exposed  at  low  tide.     It  is  th.>  reefs  formed  by  these  outcrops 

that  m.'ikes  the  False  narrows   too   dangerous  to  lie  used  as  a 

clKumel.     The  rocks  of  tl     formation  are  well  exposed  along 

tho  shor.s  of  C.ahriola  island,  and  the  upper  contact  of  the 

formation  can  he  determined  with  considerable  accuracy.     Thi; 

lower  contact  is  below  sea-level,  although  it  can  be  fairly  well 

located  a  few  foot  from  the  northwest  shore  of  Mudge  islr.nd, 

in  False  narrows.     Tho  thickness  of  tho  formation  varies  from 

about  1,100  to  1,200  foot. 

LiTHOLOdK  AL  ciiAiucTKiw.  Tho  formation  consists  of  shales, 
■sandstones,  aiul  conglonxrates.  As  already  mentioned  the 
shah-s  occur  at  the  top  and  bottom  of  tho  formation,  and  arc 
virtually  confined  to  those  horizons.  The  shales  are  very  similar 
to  those  of  the  Cedar  District  formation,  although  they  are, 
as  a  rule,  loss  carbonaceous.  They  are  grey,  thin  bedded,  ami 
sandy,  and  contain  num<'rous  beds  2  to  6  inches  thick,  of  yellow- 
ish grey,  fine  to  medium  grained,  siliceous  sand.tone^  (see  Plate 
VHR),  and  a  f.'w  interlx'ds  of  coarser  grained  sandsi„ne,  up  to 
8  feet  thick.  Like  tho  Cedar  District  shales  they  are  ."ut  by  a 
large  number  of  sandston(>  dykes,  which  are  esi)ecially  well 
expoM'd  on  the  northeast  sjioreof  Cahriola  island.     In  the  upper 
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portion  of  tho  lower  shales,  which  are  about  500  U'vt  tliick,  the 
shales,  both  in  vertical  and  lateral  directions,  grade  irregularly 
into  or,  more  strictly,  are  replaced  by  sandstones  and  coarse 
confilomerates,  the  thickness  of  the  sandstone-cDnglonierate 
portion  of  the  formation  being  abt)ut  400  feet.  The  saudstoues 
are  similar  to  the  coarse  grained,  thick  bedded  sand>tones 
interbedded  with  the  shales,  and  to  those  of  the  De  Courcy 
and  overlying  Gabriola  fcrnations.  They  are  thin  to  thick 
bedded,  yellowish  griy,  fine  to  coarse  grained,  and  concre- 
tionary. On  Gabriola  island  the  conglomerates  occur  as 
interbeds  in  the  sandstones  up  to  30  feet  or  more  in  thickness, 
but  to  the  southwest  of  the  Nanaimo  map-area,  for  example  on 
Galiano  island,  they  are  in  places  nearly  1,000  feet  thick,  com- 
prising the  greater  portion  of  the  formation.  The  conglom- 
erates consist  of  fragments  of  virtually  all  the  crystalline  and 
mctamorphic  rocks  of  Vancouver  island — vein  quartz,  chcrty 
and  schistose  rocks  of  the  Sicker  series,  granodiorite  and  diorite, 
porphyrites,  meta-andcsites,  and  even  limestones  and  sand- 
stones. The  fragments  are  well  rounded,  and  are  up  to  8 
inches  in  diameter,  averaging  over  1  inch  in  diameter,  and 
greatly  predominate  over  the  sandstone  matri.x. 

Cnhriola  Formation. 

DISTRIBUTION  X'SD  THICKNESS.  Overlying  the  Northumber- 
land formation  and  composing  the  larger  part  of  Gabriola  island 
is  the  uppermost  formation  of  the  Nanaimo  series,  comi)osed 
chiefly  of  sandstones  and  called  the  Gabriola  formation.  With 
tlie  exception  of  two  small  islands.  Snake  and  Entrance  islands 
to  the  north  of  Gabriola  island,  tho  Gabi:')la  formation  is  re- 
stricted within  the  Nanaimo  map-area  to  Gabriola  island. 
The  rocks  are  fairly  well  exposed,  especially  along  the  shores,  but 
in  the  imerior  of  the  island  they  have  been  ni(>chanically  disin- 
tegrated and  are  now  covered  by  a  thin  mantle  of  rock  debris. 
In  the  Nanaimo  niajj-area  the  thickness  of  the  formation  is 
ab^'iT,  1,400  feet,  but  to  the  southeast  the  thickness  increases  to 
3         .eet. 

LiTHOLOGic.^L  cn.\H.\(TEus.  The  Gabriola  formati.ju  con- 
sists chiefly  of  thin  to  thick  bedded,  yellowish  grey,  fine  to  med- 
ium grained,  sandstones  composed  chiefly  of  angular  grains. 
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0  1  to  2  mm  in  diameter,   of   quartz,  Mdspar,  and  meta-vol- 
canics,  and  flakes  of  biotito  in  a  greenish  matrix  composed  of 
ch'orite,  se;,ientinc,  epidote,  and  magnetite,  cemented  largely 
by  oaicitc.     The  sandstones  are  eoneretionary  fsee  Plate  XIII) 
the  concretions  averaging  1  to  3  feet  in  diam<>ter,  and  cro<s- 
bedded  in  jilaces.     The  concretions  weather  out  leaving  hoi.- 
and  where  the  sandstones  are  subject  to  wind  and  to  some  extent 
to  wave  erosion,  especially  along  the  shores  where  the  calcar- 
rrus  cement  has  been  partially  .lissolved  by  salt-water  spray, 
the  sandstones  h:.\  e  been  carved  into  hemispherical  and  hemi- 
cylindrical  caves  or  as  they  are  locally  called,  "galleries."     The 
best  known  of  the^e  galleries  is  Cialiano  (or  Malaspina  gallery)  in 
the  northwest  part  of  Gabriola  island,  w'nch  was  first  described 
by  one  of  the  early  Spanish  explorers,  either  Claliano  or  Malas- 
pina,  but  those  of  the  we  t  shore  of  Snake  island  are,  although 
.smaller,  even  n  -re  fantastic  (see  Plate  VIII).      In  places  the 
walls  of  the  gallery  are  smooth,  but  in  other  places  the  sandstone 
IS  of  unequal  resistance  and  has  been  carved  into  fantastic  shapes 
with    lacework  and   honeycomb   patterned  surfaces  (see  Plate 
IX).     The  walls  of  tht>  galleries  are  disfigured  with  names  and 
dates  painted  on  the  sandstone,    but  they  serve  to  measiire  the 
rate  of  erosion  or  abrasion  of  the  sandstone,  since  there  is  little 
abrasion  where  the  sandstone  is  covered  with  jiaint.     The  painted 
letters  and  figures  are,  ther-'ore,  "raised"  to  a  greater  or  less 
degree  dependent    upon    their  age.     In  places,  those  only  six 
months  old  stand  out  1  mm  (over  ,,',  of  an  inch  or  more)  from 
the  unpainted  surfaces,  while  those  2  or  3  years  old  stand  out 
for  3  or  4  mm  (J  of  an  inch  or  more.)     When  they  reach  this 
stage  the  letters  and  figures  are  rapidly  desiroyed.     It  is  thus 
seen  that  where  most  exposed  the  sandstoii"  is  eroded  at  a  rate 
of  nearly  2  mm  a  year. 

Interbedded  with  the  sandstones  are  numerous  beds  of  grey, 
fine  grained,  shaly  sandstones  and  even  dark,  bluish  grey  but 
rusty  weathering  sandy  shales,  which  are  in  a  few  places  more 
argillaceous.  In  the  middle  part  of  the  formation  the  shaly 
beds  although  fairly  numerous  are  thin,  seldom  more  than  a 
foot  thick,  but  in  the  ujiper  500  feet  they  are  fairly  thick  and 
predominate.  In  the  lower  100  feet  they  are  also  thicker  and 
this  portion  of  the  formation  forms  a  transitional  zone  into  the 
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uuderlving  Northumberland  shales.  The  coTitact  of  the  two 
forinaticjns  is  placed  at  the  contact  of  a  75  I'oot  Ix'd  of  '^aiidstoni' 
overlying  a  50  to  00  foot  Ixd  of  shale. 

Structur.\l  Relations  ok  thk  Xanaimo  S:    .ks. 


lull  nidi. 

FOLDiNC.  The  rocks  of  the  Xanaimo  s<'r;es  havi>  .t-  ;!  whole 
a  general  northwest-.-outh>a'-t  strike  and  a  i>r(vailin?c  dip  to 
the  northeast.  At  the  northern  rim  of  the  bavin,  in  the  virinity 
of  Departnre  biiy,  the  general  strike  turns  to  the  northe:i  t  ;ind 
east,  while  the  dip  is  to  the  southeast  and  south,  lle-itlcs  thi  i 
major  fold,  which  outlines  the  ba^in,  there  are  many  sm.dler 
folds.  Nearly  all  the  folds  have  a  general  north west-'^outheast 
axis,  ji.'irallel  to  the  mitjor  fold,  and  many  of  them,  rsprcially 
the  nii)ior  folds,  pitcli  and  flatten  out  to  the  southea--t.  The 
larger  and  most  important  of  the  smaller  folds  are,  beginning 
in  the  southwestern  part  of  the  m:in-.'irea  and  proceeding  to  the 
northeastern  part,  the  Extension  anticline,  the  KiiUeet  sjnidine, 
the  Trincvymali  anticline,  and  the  (iabriola  syncline. 

Extension  Antidine.  The  Extension  anticline,  which  may  be 
traced  for  nearly  6  miles,  tremls  X.  35°  W.,  and  extends  from  the 
northwest  of  the  towii  of  Extension  to  southeast  of  the  Xanaimo 
river.  The  :inticline  is  open  but  rather  sharp,  th<'  limbs  dipping 
away  f"  om  the  axis  at  angles  ranging  from  10  to  50  degrees.  As 
is  so  com.monly  the  case,  erosion  has  progre-sed  most  rapidly 
alo  , 
oal. 
sid  u 
np; 
stone. 


's  of  the  anticline,  forming  a  v;iliey,  whicli  nniy  be 
tension  valley,  in  the  Haslam  .-hales.  On  eithe:* 
■lUey  the  limbs  of  the  anticline  comi)osed  of  tb.e 
,a  of  the  Haslam  shales,  the  East  Wellington  sand- 
itie  Wellington  coal  se;iin,  ;nid  the  In-  r  i)ortion  of  the 
Extension  conglomerates,  form  euesta  ridges  with  their  steep 
front  slopes  bordering  the  valley.  Over  a  mile  southeast  of 
Xanaimo  river  the  Haslam  shales  pitch  below  the  Extension 
conglomerates  and  the  anticline  can  be  traced  only  a  little 
farther. 

Kulleet  Syncline.  The  Kulk'ct  syncline  is  a  rather  broad  open 
syncline  of  varying  trend,  chiefly  in  the  DeCourcy  sandstones. 
It  extends  across  Cedar  and  Oyster  districts  from  the  northwest 
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of  linWUn  lakr  to  KullrK  huy,  a  cistanc..  of  ahout   10  mi!.- 
Uk;  tntul  oi  the  axis  varies  from  \.  45^  K.  to  N    SO"  \V     hut 
the  av,.r.,«e  <r  n.l  is  X.  :uf  w.     Tho  limhs  ,11,,  at  angi.-s  ranging 
Irom  o  to  ;J0  ,j,.jrn...s,  the  av.  raco  dii,  l,..i-,K  ahout  12  di-RU,-.. 
Ih.'re  aiv  two  low  piac's  or  ha.Mi.s  i„  ih,.  sv.R.Ji.H',  -.u."  to  th.^ 
.south  of  Hol.i.n  lake  and  tli-  ,,il„.r  at  Kuilect  hay.     'Un-  iatirr 
basin  pitH.fs  rather  steeply  to  the  souihea>;.     A  small  tran- 
vers.,  roll  se],arates  th<.  north.Tn  eml  of  th.    Kulleet  sviieline 
from  a  smaller  syn.line,  in  the  ("e.lar  Di.triet  sliales  and  Pro- 
tection  s,-,,ndstones,    ...xtenrlinR   from   the   mouth   of   Kanaimo 
nver  to  >tovely.  that  is  virtually  a  eontinuatiuu  of  the  Kulleet 
sj'ncline. 

Trincowali  Autivline.  The  Trineomali  anticline  is  an  open 
I.ut  fairly  sharp  anticline,  tre,i,ling  N.  40°  W.  At  its  northern 
end  near  Dodd  narrows  it  pitches  rather  ste<plv  to  the  nortli- 
west;  to  the  soutlu^ast  it  extculs  for  several  miles  beyond  the 
^unalmo  map-area.  It  has  b.Hii  eroded  along  the  axis,  which 
IS  now  Iarg..ly  under  wat(>r,  .,elow  Trin.oniali  channel.  How- 
ever, at  one  pla.v  on  Round  inland,  the  Protection  sandstone 
ly'xposed  near  the  axis.  The  limbs  of  the  an!  icline,  consisting 
of  the  Cedar  District  shales  and  the  DeCourey  sandstoi  "s 
dip  about  20  degr(>es.  The  noriheastern  limb  forms  the  De^ 
Courcy  islan.ls,  and  the  .southwestern  forms  several  smrdi 
ridges  along  the  s!ior<-  of  Vancouver  island. 

Giibriola  Sum'me.     The  CJabriola  .syndine  is  a  broad  open 
synchne    m    the    Northumberland    and    Gabriola    formations 
and  the  rocks  involved  compose  Gabriola  island.     The  axis' 
which  extends  through  the  centre  of  the  island,  varies  in  trend 
from  nearly  due  north  at  it.s  northwestern  end  to  N.  80°  W 
at  il.s  southeastern  end,  the  average  trend  being  about  N.  55° 
W.     The  limbs  dip  at  angles  ranging  from  5  to  25  degre.^s,  the 
average  di])  being  about  15  degrees.     Near  the  northern  end 
of  Gabriola  island  the  syndine  i.s  crossed  by  a  transverse  anti- 
clinal roll,  so  that  the  northw,.stern  part  of  the  .svncline  pitches 
to  the  north  and  the  southeastern  part  pitches  to  the  .-.lutheast. 
Minor  Fold,.     Besides  the  larger  fokls  ju.st  deseriU'd,  there 
are  many  smaller  folds,  the  larger  and  better  exposed  of  which 
are  shown  on  the  accompanying  maps.     The  Haslam  formation 
wrinkles  at  several  places  where  it  has  been  shoved  by  the 
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Kxtciisiim  coiiglonitratrs  iiRain-t  tli«  ( ry.-talliiit-  rock  hasp. 
r«)l  Is  arc  wvU  ♦xpdscil,  nortli  i.f  Mi.  Hcnsctn,  aiuiiK  Mi  rkt'loy 
(•r«>ok,  and  along;  Ha-lani  tnck  and  its  Xoith  Fork.  Tinie 
arc  doiihtlcss  many  other  i.ilds  which  arc  nut  c.nixjmiJ.  The 
folds  arc  invariably  longitudinal,  with  a  northwest  s(mii;c.!-t 
trend  and  are  not  per-istcnt.  They  are  as  a  rule  open,  \miIi 
gently  dipping  linihs,  hut  n  a  Haslam  <rcck,  north  m  Mt. 
Hay*  s,  the  Haslam  shales  three  ily  underlying;  the  Kxtcnsion 
conglomcrjites  are  involved  in  several  sharp  tuids  with  shcjily 
dipping  limbs. 

Southwest  of  the  Extension  anticline  the  Extension  form.ilion 
i.s  involved  in  several  rather  large  folds  and  along  the  axes  of 
two  of  them  the  Haslam  formation  is  exi)osed.  They  are  all 
longitudinal  and,  with  two  exceptions,  they  are  open  with 
gently  dipping  limbs.  The  two  exceptions  are  a  syjidiTi.'  and 
an  anticline  directly  southwest  of  the  Ext<'nsion  anticline  and 
extending  from  Xanaimo  river  to  Haslam  creek.  These  folds 
are  sharp,  the  limbs  dipping  at  angles  ranging  from  2r,  to  '>r, 
degrees.  Als.i,  northeast  of  the  Extension  anticline,  along  'he 
Nanaimo  river  and  east  of  the  town  of  Extension,  there  are  a 
few  folds  in  the  Extension  formation.  Besides  the  larger  folds 
there  are,  especially  in  th<!  shaly  beds  of  the  Extension  form- 
ation, several  small  sharp  rolls. 

The  Cranberry  and  Newcastle  formations  are,  with  the 
Extension  formation,  involved  in  two  fairly  large,  open,  and 
southeastward  pitching  longitudinal  f.lds  near  the  Nanaimo 
river,  a  syndine  and  corresponding  anticline.  Much  >-maIler 
folds,  but  also  longitudinal  and  southeastward  pitching,  occur 
in  the  Cranberry  and  Newcastle  formations  to  the  west  of 
South  Wellington,  .  in  the  city  of  Nanaimo,  south  of  the 
Canadian  Pacific  R  ..'a\  Company's  wharf,  northeast  of  the 
railway  station,  and  south  of  Victoria  circle.  On  northern 
Newcastle  island  an  anticline  and  syndine  cross  the  islai.d 
with  a  general  N.  60°  E.  strike. 

The  Protection  sandstones  are  folded  at  several  places  into 
small  longitudinal,  and  southeastward  pitching  folds,  and  near 
the  Nanaimo  river  at  Stt-'ely,  are  two  fairly  large  folds.  The 
western  is,  as  mentioned.,  virtually  the  continuation  of  the 
Kulleet  syndine,  and  the  eastern    which  is  an  open  anticline. 


.•xt.-iMls  f„r   <,v,.r  2  mil...   t.,   ti.,.  (.a>t   in    th.-   Cedar    District 
and  DfCourcy  lormations. 

Th.<  C'.lar  District  fciniution.  tUv  !,,„»  r<->istant  of  th.> 
rntir.'  s.ri.-,  i,;,s  h.Mii  warix-.l  int.,  MV.Tal  small  fold.s  nr  coa- 
toitunis.  s.,m.-  of  which  ar.'  tran.voiM  ,  as  tho...  .rossing  th.- 
Nanaimo  nv.r  M.iith  of  Stovcly.  IVw  of  th.  ,.  fokl.  cm  be 
tra<...l  for  m..n.  tl  .n  a  few  f..,.i  and  .onM  qu^ntlN  arc  not  shown 
on  lilt'  acciiiiipanyinp;  niajis. 

The  F).'  Couny  sandstnii.'s  arc  involv.,1  in  s.-v.Tal  fairly 
Inrpc  Jroa.l,  op.n,  l-mKitu.linal  folds  h..tw..,.a  tla-  KulWt 
syn.lin.'  an<l  tlu;  Trincomali  anticlim-.  Two  of  those  an 
anticline  and  a  corresponding  syncline,  extend  -rom  near  (inrn- 
way  lake,  south  of  Roat  iiarlmnr  to  l.eyon.l  V,ll.,w  point  a 
distance  of  over  4  inii.s. 

With  the  .'xception  of  th..  transverse  anticline  whirl,  crosses 
the  (lahnola  synclin.-  th.-  XorthmnlK-rland  anil  (Jabriola  form- 
ations an.  not  in%-olved  in  ..iiy  minor  folds.  \.-ar  the  axes 
of  the  Cabriola  sv-ndino  an.l  ihe  transverse  anticlim-,  liowever 
the  rocLs,  .speeially  the  Xorlhumberland  shal.-s,  are  .rumpled 
and  sheared. 

Faultino.     The   Nimaimo  s.ri.'s  an-   brok.-n  bv  only  four 
faults  of  .ny  great  si/.-  but  th.-re  are  many  minor  faults,  most 
o    whi.h  .-.re  really  sharp  rolls  with  a  very  small  a.tual    di- 
P  nc.  ment.     Th..  l.rg.r  faults  ar..  all  strike  faults  an.l  presum- 
at)ly  all  .eversed  .)r  compr.ssion  or  thrust  faults.     Th..  largest 
fault  occurs   about    thn-e-fourths  ,jf  a  mile   southwest  ./    the 
Extension  anticline,  striking  ab  ,ut   N.  :-i.^,^   \V.  para'l.  I  to  the 
anticline,  and  it  m.-.y  be  tnurd  for  W.   mil..s,        hough  in  its 
soutluTn    par.,M,uthw..st  ofl'anth..r    ri.lR..,  it  merg.rs  for    h.-Uf 
.'i  mil,   mto  a  .luirp  cn-stal  anticlin...     Along  the  fault  the  ro.-ks 
.  .p  to  th,.  southwest  at  an^^les  of  K)  to  2.5  d.-grc-s,  the  fault 
dips  ste,.ply  ,n  the  same  ,lir..cti<m,  th.-  .~outhwe>t,:rn  side  of  the 
fault  i.s  tlie  upthrown,  and  th,.  maximum  di^placment  app,^ars 
to  be  n....irly  .500  f..,, .     As  a  whol.-,  th.>  ,lip  of  the  fault  is  nearly 
vertical    a  f.-ut  whi-ii  is  ww'  c   *,.rmined  .since  the  fault  is  cut 
by  the    ;tunn,r'  ur  a.lH  ,,  Extension  eollierios  about  300 

feet  vertically  below  its  out.rop,  the  rocks  of  the  downthrown 
suie  turning  abruptly  up  again-t  the  fault  plane.  But  it  appears 
from  mining,  that  th,.  fault  surface  is  warped,  so  that  in  places 
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•l'<'  <lip  is  .uniiKiralivcly  low  to  tlie  soutliw.>t,  tlic  fuilt  m 
th.M.  f.l:i,-..s  h,.mi.  of  tl,.-  j-.tur.-  of  an  ovmlir.iM.  AIohk  ,i„. 
ouUn.i.  of  tl.<.  fault  the  lla.laiu  shaUs  ,„.  th.  ^outlav-torn 
and  uptlirown  >i.l..  a-.,  in  cont.'ut  with  ll...  i:xt,„.i„n  .un-'ioni- 
mttcs  of  tl,..  (lowntluown  .i  A    pronoun.  .■,]    l.ut   u:Trro 

va.lcy  lias  l„.,>n  cut  in  th.>  Mimics,  and  to  th,.  southwo-t  tho 
uptlir.nvn  Kxtcn.Mon  .-onslonM  r.it.-s,  .appir"  th..  \V.lIiM;ton 
(•oa  M.an,,  fonn  a  .-u. Ma  rid^..  with  a  vry  sv,  ,.„  front  slu,,,,  or 
tauit-im..  scarp  hord.rinK  H'O  valley  (>(■<.  Plate  IHH). 

Flalf  a  mi!o  to  th..  sonthwost  of  th,>  n.,rthern  part  of  the 
fault  descril..,!  ahov.-,  is  a  similar  hw  .-JL-r  fault.  It  Mrikes 
nearly  N.  l^  W.,  <lips  stc-ply  to  ih.  outhwest,  and  th..  ...uth- 
western  snj..  is  the  npthrown.  Ih..  fault  has  a  n.axinu.m 
c  i.spla...m..nt   wh..ro   it   is   l„..t    .xpos.,!   „„   ,(„•  s„rfnce,    near 

of  100  to  .-,0  feet.  Th.  displa,em..nt  ,l..,.reases  „,  n-.thinK 
to  the  southwc.st.  the  fault  Ix-inR  tra.'ed  in  the  und.-rRround 
Workings  of  the  Xo.  3  Extension  mine. 

The  two  oth..r  large  faults  ar..  problematical,  i.ut  th.'ir  pn.scnce 
IS  virtually  assured  l,y  the  .s..quenee  of  huls  as  exposed  on  th.. 
M.rfaee  an.l  by  the  depth  of  tho  UVUinRton  s..am  as  d.t.Tnuned 
t>y   boring.      These  occur  to  the  northeast  of  th..   Kxt.  u-ior. 
anticline   and   break   the   nortlu'astward   dir^ping  rocks  or  tho 
1-Atension    an.l    Cranberry    formations.      0,,,,   2   •  iil.>s   long 
extends  from  Harewood  plains  to  a  large  swamp  a  mile  r-,rth- 
east   of    the   town   of   I'xtcnsion,    tho    other,    1',    miles        ,g 
occurs  to  the  west  of  South  Wellington  in  tho  Ri-hard         -o' 
Cranberry   Lake   valley.     Both   faults  have  a  ge-'r,-!  N    L'0= 
\\.  strike,  the  dip  is  probably  to  tho  northeast,  tl.    -.ortheast.'^rn 
Hde  IS  tho  upthrown,  and  the  maximum  throw  va     .  'roii  nvir 
200  feet  in  tho  Harewood  Plains  faul.  lo  300  fe.t  i-.  the  fault 
west  of  South  Wellington. 

Small  minor  faults,  both  longitudinal  and  transverse 
were  noted  especially  in  th..  weak.r  ro.ks,  tlie  Ila-lam  and 
Cedar  District  shales  (see  Plate  VII  A),  lu-ar  the  axes  .,f  the 
■M.arper  folds,  but  on  the  cast  shore  of  Newcastle  islan.l  lie 
Protoction  sandstones  are  broken  by  a  small  fault,  striking 
-V  10  W.,  with  a  vortical  dip,  the  western  side  being  upthrown 
about  lo  feet.  Bedding  faults,  well  exposed  in  tho  Ilaslam 
•iSHl— (i 


74 

Creek  canyon,  have  taken  place  where  tlic  Nanaimo  series 
has  been  thrust  against  the  crystuiline  rock  hase.  It  is  probable 
that  the  contact  between  the  Extension  couRlomerates  exposed 
at  the  northeast  angle  of  Departure  bay  and  the  Vancouver 
volcanics  is  also  a  fault. 

What  are  most  prol)ably  sharp  rolls  are  locally  called  faults. 
The  best  known  of  these  occur  near  the  shore  in  th(>  south.Tn 
part  of  the  city  of  Natiaimo,  west  of  No.  1  mine  of  tlie  \\'estern 
Fuel  Company,  and  along  the  Nanuinio  river,  near  Stovely, 
and  near  the  bridge  of  the  Pacific  ('oa-;t  Collieries'  railway. 

A  few  sharp  rolls  occur  in  the  upper  formations  of  the 
Nanaimo  .cries  where  the  rocks  are  otherwise  only  nioderati'ly 
disturbed,  that  ai)parently  took  place  while  the  rocks  were 
still  soft  and  plaslic.  These  rolls,  which  are  really  more  of 
the  nature  of  snia'l  displaicments  or  faults,  are  so  pronounced 
that  a  bed  whicli  has  a  moderate  dip  in  out*  direction  ni.iy  turn 
down  abruptly  at  right  angles,  so  th;it  the  dip  of  the  downturned 
portion  is  vertical  and  its  strike  is  at  right  angles  to  the  >trike 
of  the  bed  as  a  whole.  The  largest  of  these  sharp  rolls,  ex})osed 
on  the  west  shore  near  the  northern  end  of  Newcastle  island, 
occurs  in  a  coarse  grained  thick-bedded  conglomerate^  of  the 
Cranberry  formation,  and  the  width  of  the  down-turned  portion 
i.^  about  1.50  feet.  The  general  strike  and  dip  in  this  locality  is 
N.  35°  K.,  20°  S.K.,  while  the  attitude  of  the  do\\'nturned  jjonion 
is  N.  5')°  \V.,  S.5°  S.\\'.  .\nother,  smaller  roll  occurs  along  the 
shore  at  Nanaimo,  north  of  the  post-office,  in  the  Douglas 
grit.  There  the  general  attituch'  is  N.  3.j°  \V.,  20°  N.E.,  and  the 
attitude  of  the  downturned  portion,  which  is  al)out  one  foot 
wide,  is  N.  8.".°  W,,  80°  N.l-].  In  s]iite  of  the  abruptness  and 
magnitude  of  the  displacement,  th<'re  is  not  the  sliglite^t  indica- 
tion of  extra  jointing,  shearing,  or  slickensiding.  Instead, 
the  folds  have  occurred  as  if  the  rocks  wore  as  plastic  as  wet 
cLiy.  Hence,  unless  we  hypothecate  more  intense  folding 
than  is  observed  and  a  much  thicker  cover,  which  would  induce 
greater  pressure,  this  type  of  fold  can  be  explained  only  by 
the  supposition  that  the  conglonH>rates  and  grits  and  other 
sediments  which  have  suffered  in  the  same  way,  were  soft  and 
plastic  when  the  folding  took  place. 
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SANDSTONE  DYKES.  The  siindstono  dykes  of  tli(>  upper  shales 
ot  the  Niinaimo  series  also  indicate  that  movements  tooiv  plar.^ 
while  the  sediments  of  at  least  the;  iijjper  part  of  the  series  were 
still  soft.  The  dykes  are  numerous  in  the  shales  of  the  Northum- 
berland and  Cedar  District  formations  (see  Plate  VII  A)  especial- 
ly inthoseshales  chararterized  by;i  l;irs<>  numh(>r  of  thin sandsttme 
interbeds.  They  are  best  exposed  in  the  Cedar  District  shales 
on  the  shore  of  Vancouver  island  south  of  Dodd  narrows  and 
in  the  Northumberland  :-li,iles  on  the  northcist  shore  of  (iabriola 
island.  The  dykes  :trr  fairly  regular  ami  the  larger  flykes, 
those  3  to  4  feet  thick,  may  be  traced  for  at  least  100  feet! 
Along  the  shores,  on  account  of  tiieir  gr<>ater  resistance  to  wave 
erosion,  they  stand  above  the  shales,  lorming  low  walls,  the 
highest  wall  noted  being  3  fe<'t.  These  walls  proj.'ct '  into 
the  water  for  some  distance,  and  there  is  an  instance  in  the  Comox 
district  of  one  being  utilized  as  a  pier  for  a  small  boat. 

As  a  rule  the  dykes  are  finer  grained  than  the  sandstone 
interbeds  and  the  cementing  m.aterial  is  more  calcareous,  but 
in  geiKTal  'tie  tv.o  are  of  similar  material.  The  dyke  rocks 
are  greyish  white,  fine  grained  sandstones  comjiosed  chiefly 
of  angular  grains  of  quartz  and  feldspar,  shreils  of  biotite  anil 
muscovite,  witli  acc<-ssory  magnetite,  titanite,  garnet,  chlorite, 
pyrite,  and  in  some  of  the  dykes  carbonaceous  matter,  the  whole 
firmly  cemented  by  a  fairly  large  amount  of  calcite.  Although 
fairly  regular,  the  dyk<'s  branch  and  ar(>  offset  by  small  faults. 
Some  dykes  pr(>trud<>  from  the  sanc.itone  interbeds  and  there 
are  off-shoots  from  tjie  dykes  conformable  with  the  bedding 
of  the  shales  that  simul:ite  the  appearance  of  sandstone  interbeds, 
but  are  recognized  by  occurring  usually  on  one  side  of  the  dyke 
only.  The  dykes  cut  the  shales  shari)iy,  apparently  .alimg 
joint  planes,  and  tin'  shales  are  frequt  iitly  bent  or  sligJitly 
contorted  next  to  the  dykes.  There  ar.-  also  small  and  irreguht'r 
ofT-shoots  fr  m  the  I.-irger  dykes  into  the  shales  that  resemble 
small  a]ioi)hyses  from  an  igneous  dyke. 

From  their  occurrence  and  close  resemblance  to  intrusive 
sandstone  dyke-<  in  Calirorni.'i,  which  have  been  fully  described 
by  Diller'  and  Newson'-,  the  origin  of  the  dykes  is  in  little 
question.     Th«'y  appear  to  have  been  formed  by  the  injection 

I   DilliT,  J.  S..  Sun.Iitnno  (Mii>»,  null.  Op,)!    .<,,(■.  .\m..  V.il.  !.  1S!)II   pp   411-44' 
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of  soft  sands,  which  were  forced  usually  upward  along  joint 
phmes  in  the  shales,  the  injection  being  similar  to  that  of  an 
igneous  dyke.  After  the  injection  the  sands  were  firmly 
cemented  by  calcium  carbonate  precipitated  from  waters 
circulating  through  the  relatively  coarse  grained  rock.  One 
of  the  most  important  conclusions  to  be  drawn  from  their 
occurrence  is,  as  stated,  that  movements  must  have  taken  place, 
to  cause  the  injection  of  the  dykes,  while  the  sandstones  which 
are  interbcdded  with  the  shales,  and  which  doubtless  furnished 
the  material  of  the  dykes,  were  still  unconb-ulidated. 

JOINTING.  The  jointing  of  the  rocks  of  the  Nanaimo  series 
is  usually  irregular,  although  in  a  few  places  parallel  sheet 
jointing  was  observed.  Along  the  axes  of  the  folds  and  in  the 
weaker  rocks  the  jointing  is  extreme,  but  in  most  places  in  the 
thick  bedded  sandstones  and  conglomerates  the  joints  are  few 
and  small. 

Extcrtinl. 

RELATION  TO  OLDER  FOUM.iTiONS.  The  Nanaimo  series  rests 
unconformably  upon  the  metamorphic  sedimentary  and  volcanic 
rocks  of  the  Vancouver  group  and  the  granitic  rocks  of  upper 
Jurassic  age  that  are  intrusive  into  the  metamorphic  rocks.  The 
surface  upon  which  the  Naraimo  series  rest  is  one  of  consider- 
able relief.  Small  irregularities  are  directly  observable  in  ex- 
posed unconformities.  These  are  best  observed  around  the 
shores  of  the  ridge  of  mcta-volcanics  north  of  Departure 
bay  (see  Plate  V  B).  Here  the  basal  conglomerate  fills 
crevices,  hollows,  and  small  valleys  in  the  meta-volcanics, 
while  small  ridges  of  the  meta-volcanics  not  only  surmount 
the  basal  conglomerate  but  the  overlying  "  calcareous 
sandstones  or  sandy  calcarenites,  which  in  several  places 
rest  directly  upon  the  meta-volcanics.  Also  the  contacts  of 
the  Nanaimo  series  with  the  underlying  rocks,  where  not  dis- 
turbed by  intense  folding  and  faulting,  follow  very  closely  the 
contours  of  iiresent  elevations,  which  must  have  lieen  elevations 
at  the  time  of  deposition  also,  unless  far  more  irregular  and 
complex  folding  than  is  elsewhere  observed  is  suppos<-d.' 
It  appears  that  the  sediments  were  deposited  in  bays,  while 

'  Sei'  M.moir  No.  13,  Gool.  Surv.,  Canada,  1912,  pp.  132-133. 
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resistant  rooks  formed  headlands,  which  now  project  in    the 
basins  underlain  by  the  Nanairao  scries.     The  Alt.  Hayes  ritlge 
m  the  soutiiern  part  of  the  Nanaimo  map-area,  which  surmounts 
the  Nanaimo  basin  by  500  to  1,000  feet,  seems  to  have  been  such 
a  headland,  and  it  is  probable  that  Mt.  Benson  was  a  similar 
but  much  larger  headland.      It  is   also  found,  considerinR   the 
TV  hole  of  the  Nanaimo  1)asin  of  which  th.at  portion  in  the  Nanaimo 
map-area  IS  only  a  small  part,  but  apparently  the  d.opcst,  that 
some  of  the  basal  sediments  near  the  larger  of  the  old  headlands, 
hke  that  comprising  the  most  of  Saltspring  island,  correspond 
with  formations  somewhat  above  the  base  of  the  deeper  parts 
of  the  basin.     It  is  probable  that  the  conglomerate  which  rests 
directly  upon  the  north  flank  of  Mt.  Benson  west  of  the  Nanaimo 
map-area  corresponds  to  the  Extension  conglomerate.     It  has 
been  .seen  that  m  places  the  Benson  basal  conglomerate  thins  out 
completely,  the  Haslam  arkoses  resting  directly  upon  the  crys- 
talline rocks,  and  in  the  northern  part  of  the  Nanaimo  map-area 
near  the  ridgc  of  Vancouver  meta-volcanics  north  of  Departure 
bay,  all  the  lower  members  of  the  Nanaimo  series  become  very 
much  thinner  and  some  of  them  apparently  pinch  out  entirely 
At  the  northwest  angle  of  Departure  bay  an  outcrop  of  Extens- 
ion conglomerate  occurs  within  a  hundred  feet  of  the  Vancouver 
meta-volcanics.     The  two  formations  may  be  separated  by  a 
fault,  but  there  is  no  direct  evidence  of  one.   Also  Snake  island, 
composed  of  the  middle   sandstones  of  the  uppermost  (Gabriola 
formation  o  the  Nanaimo  series,  which  has  an  average  thickness 
of  6,760  feet,  is  only  7,200  feet  distant  from  Five  Finger  island 
composed  of  the  Vancouver  meta-volcanics  although  the  average 
dip  of  the  rocks  on  Snake  island  is  only  30  degrees.     From  all 
of  this  evidence,  therefore,  one  feels  confident  in  stating  that  the 
surface  upon  which  the  Nanaimo  series  rests  is  one  of  great 
variety    and   considerable  relief,  the    differences    in   elevation 
possibly  being  as  much  as  2,000  feet. 

Near  the  underlying  crystallines  the  Nanaimo  series  have  been 
folded  against  them,  so  that  the  strikes  of  the  lower  beds  of  the 
I^anaimo  series  are  parallel  to  the  contacts  and  the  dips  are 
steep,  usually  away  from  the  contact.  Around  the  ridge  north 
of  Departure  bay,  the  dips  shallow  very  quickly,  but  near  the 
east  flank  of  Mt.  Benson  the  Haslam   shales  are  involved  in 
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.several  snmll  folds.  In  the  southwestern  part  of  the  map-area, 
the  dips  arc  steep,  80  degrees  to  35  degrees,  for  about  1,000  feet 
away  from  the  contact,  along  and  near  which  some  bedding 
faults  have  taken  place. 

RELATION  TO  voi  NtiKK  FORMATIONS.  The  only  youngcr 
rock,  with  the  exception  of  the  superficial  deposits,  that  is 
in  contact  with  the  Nanaimo  sc  ries,  is  the  dacite  porphyrite  dyke, 
which  cuts  the  Benson  conglonu'rate  exposed  in  the  llaslam 
Creek  eanj^on. 

Mode  of  Oaiaix. 


The  Nanaimo  series,  as  shown  by  its  fauna,  is  partly  of  marine 
origin,  doubtless  estuarine,  since  it  was  deposited  on  a  surface 
of  considerable  relief,  and  under  varying  conditions,  shown  by 
the  rapid  vertical  and  lateral  gradation  of  the  sediment^.  The 
series  also  contains  land  plants  and  coal,  most  probably  of  fresh 
water  accumulation.  Hence  conditions  of  fresh  or  at  le;ust 
brackish  watt^r,  that  is  terrestrial  conditions,  alternated  with 
marine  conditions.  The  upper  jiart  of  the  Nanaimo  series,  the 
Gabriola  formation,  however,  containi-:  few  or  no  marine  organ- 
isms, the  onij  fossils  being  a  few  obscure  plants.  Therefore, 
it  is  possible  that  the  alternating  conditions  recorded  in  the  lower 
part  of  the  Nanaimo  forniation  were  finally  replaced  entirely  by 
terrestrial  conditions.  The  lithological  character  of  the  sedi- 
ments, the  sandstones  being  composed  chiefly  of  angular  to 
subangular  fragments  and  of  a  large  percentage  of  easily  decom- 
posed minerals,  such  as  feldspar,  indicates  a  very  rapid  accumu- 
lation and  deposition  in  relativelj'  small  b:isins,  where  the  detritus 
was  not  subject  to  severe  wave  action.  In  gen<Tal  the  conglom- 
erates are  composed  chiefly  of  quartz  and  quartzose  rocks,  the 
sandstones  chic'iy  of  granitic  detritus,  quartz,  feldspar,  and  dark 
coloured  accessories,  and  the  shales  chiefly  of  volcanic  iletritus. 
This  rather  peculiar  feature  suggests  a  .simple  yet  fairly  plausible 
explanati(ni.  Of  all  the  underlying  rocks  whose  detritus  com- 
poses the  sediments,  the  volcanic  rocks  alone  were  chemically 
disintegrated  and  their  detritus  being  very  fine  grained  was 
deposited  as  mud,  which  now  forms  the  shales.  The  granitic 
rocks  were  mechanically  disintegrated  -ind  broken  down  into 
a  coarse  feldspathic  sand,  furnishing  the  material  for  the  sand- 
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stones.  But  the  quartz  veins  and  the  quartzose  rocks  were 
broken  down  only  into  a  coarse  rubl)lo,  the  material  for  the 
conglomerates. 


Age  and  Correlation. 

Based  on  the  determination,  by  Whiteaves,  of  the  fo,>.<i!s  from 
the  Nanaimo  scries,  collected  in  great  numbers,  i)y  Ki.hanlson 
and  others,  from  the  Nanaimo  map-area,  elsewhere  on  Van- 
couver island,  and  from  the  small  islands  off  the  east  coast,  the 
series  has  been  correlated  with  the  Chico  (Upper  Cretaceous) 
of  the  California  Cretaceous  and  approximately  with  tlie  Pierre 
of  the  Great  Plains.  Identical  species  have  been  collected 
throtighout  the  series,  from  the  Haslam  shales  to  the  upper 
shales  of  the  Northumberland  formation,  the  (iabriola  formation 
as  already  seated  being  virtually  unfossiliferous.  Only  u  few 
fossils  were  collected  by  the  writer  and  these  have  been  deter- 
mined by  Mr.  L.  D.  Burling,  who  li.sts  them  as  follows:— 

From  the  Haslam  formation,  north  shore  of  Departure  bay, 
one-fourth  of  a  mile  east  of  the  biological  station. 

Gyrodes  excavata  (Michelin)? 

Inoceramus  sp.? 

Ostrea  sp . 

Trigonia  evansana  (Meek) . 

Anomia? 

Protocardium? 

Meretrix  nitida  (Gabb) . 

Linearia  sp. 

(>mbophora  ashburneri  (Gabb)? 

From  the  Haslam  formation,  Horswell  bluffs,  one  mile  oast  of 
biological  station. 

Trigonia  evansana  (Meek) . 

Limn  multiradiata  (Gabb). 

Tellina  cpiadrata  (Gabb)? 

Meretrix  nitida  ((iabb). 

Cymbophora  ashburneri  (Gabb)? 
From  the    Cedar   District  formation,   Nanaimo  river,   one- 
fourth  of  a  mile  south  of  Stovely. 

Pelecypod,  may  be  Cytherea. 
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Tube-like  bodies  resembling  worm  borings. 
Unidentified  plant  remains,  a  part  of  a  leaf  resembling 
Populus  (according  to  Mr.  W.  J.  Wilson). 

All  of  the  determined  species  have  bc(  n  previously  found  and 
described  from  the  Nanaimo  series  of  the  Nanaimo  map-area. 

The  Nanaimo  series  were  deformed  by  forces  acting  from  the 
northeast,   probably  having  their  origin   below  the  downfold 
between  Vancouver  island  and  the  mainland,  since  to  the  soutli 
of  the  Nanaimo  map-area  the  anticlines  have  been  overturned 
to  the  southwest.     The  deformation  presumably  took  place  .-.t 
or  near  the  close  of  the  Eocene  period,  at  th?  same  time  that 
upper  Eocene,   Metchosin  volcanics  of  the  southern  part  of 
Vancouver    island'    were    deformed.     There    seems    to    have 
been  no  wide-spread  deformation  on  the  Pacific    coast  at  the 
close    of    the    Cretaceous,    corresponding   with    the    Laramide 
revolution  of  the  interior,  for  as  Arnold^  points  out,  with  one 
exception  at  San  Diego,  California,  the  unconformity  between 
the  Eocene  and  the  Chico  (equivalent  to  the  Nanaimo)  is  not 
angular,  but  as  far  as  the  stratigrapbic  evidence  goes,  the  two 
formations   represent  an  apparently   uninterrupted   period   of 
sedimentation.     This  conclusion  has  been  confirmed  in  general 
by  the  writers'  work  of  1910  to  1912  on  Vancouver  island;  for 
although  there  were  local  movemeats  throughout  the  depo.  ition 
of  the  Nanaimo  sediments,  and  doubtless  an  uplift  without 
much  folding  at  the  close  o{  the  Cretaceous,  since  definitely 
lower  Eocene  sediments  are  not  known  in  the  region,  yet  the 
first  pronounced  deformation  after  the  late  Jurassic  or  early 
Cretaceous  took  place  after  the  close  of  Eocene  sedimentation 
and  vol  Danism. 

DACITE   PORPHYRITE. 

Although  dacite  and  trachyte  porphyrite  dvkes  and  sills 
cutting  the  Nanaimo  series  are  well  known  in  otho;  )arts  of 
Vancouver  island,  at  Comox  and  Suquash,'  only  one  small 
<iyke  of  dacite  porphyrite  occurs  cutting  the  Nanaimo  series 
ni_the  Nanaimo  map-area.     This  dyke  is  exposed  in  the  canyon 

^  See  Momoir  No.  36,  Gool.  Siirv.,  CanarLi 

r^i.-    'j^rJ-a      °''*"*'^°*''  """l  *•'»  '*"',  TraM,,  Vol.  XXVIH  OD  307-314   ig04 
Cl»pp,  C.  H..  Summary  Report,  lull,  Geol.  Survey,  CanadaVpp  105^107 
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of  HaHam  crefk,  near  tho  southwest  corner  of  the  map-area, 
and  eutd  the  Benson  basal  conglomerate,  only  !.">()  feet  ahove 
the  base  of  the  entire  series.     It  is  4  feet  wide  and  strikes  X 
60°  W.,  dipping  65°  N.E.,  and  i^  almost  parallel  co  the  bed-linc 
which  IS  here  N.  80"— 90°  W.,  dipning  50°— S0°  N.E. 

The  dyke  rock  is  a  yellowish  brown  apluiniti.;  rock  eontiiiiinK 
fragments  cf  quartz,  chert,  and  black  slatn,  with  dissemiii:  '  ■<! 
pynte,  which  is  greatly  altered  to  liraonit.',  thus  colouring  the 
rock.  Under  the  microscope  the  rock  is  -,eeu  to  consist  <"^en- 
tially  of  plagioclase  feldspar,  and  quartz,  with  accessory  niao-n..- 
tite  and  apatite.  Both  the  feldspar  and  quartz  form  a  "few 
small  phenocrysts  1  to  2  mm.  in  diameter.  The  groundmass  is 
prevailingly  fcldspathic  consisting  of  diversely  arranged  feldspar 
laths.  The  rock  is  very  greatly  altered,  being  hirgely  renlaced 
by  calcitc  as  well  as  cut  by  calcite  veinlets.  Other  secondary 
mmcrals  are  sericite  and  kaolin  as  w.>ll  as  pyrite  and  limonite. 

The  dyke  u  apparently  cross-cutting  aad  contains  fragments 
of  the  rocks  and  minerals  of  the  conglomerate.  Its  age  is 
doubtful,  but  it  is  certainly  post-Cretaceous  and  doubtless 
should  be  correlated  with  the  other  dacite  and  trachyte  porphy- 
ntes  of  Vancouver  island  that  cut  the  Nanaimo  ser"ies.  Th  se 
are  generally  considered,  with  little  evidence,  however,  to  be  of 
Eocene  age, 

SUPERFICIAL   DEPOSITS. 

Most  of  the  Nanaimo  map-area  is  covered  with  drift  of 
various  kinds,  which,  although  deposited  by  various  agencies, 
IS,  for  the  larger  part,  primarily  of  glacial  origin.  The  drift' 
with  other  features,  such  as  glacial  grooving  and  erosion,  records 
two  epochs  of  glacial  occupation  and  two  corresionding  epochs 
of  glacial  retreat.  These  two  epochs  of  glaciation  have  been 
previously  noted'  and  have  been  called  by  Willis  from  his 
studies  .:  Puget  Sound  region,  the  Admiralty  and  Vashon 
.epochs,  tno  intorglacial  epoch  being  called  the  Puyallup.  Since 
there  is  little  question  that  the  glacinl  and  interglacial  epochs 

W^mr''??'  P'  ^^  '^.''"'l'  •^''i'"'  ^o^-  C""-  Vol.  Vin,  18911.  SCO  4  pp  43-J4 
_^^_W,il.,,  Bailey,  Dr,(t  phenomena  .n  Puget  .Sound:    Bull   Geol.  Soc'^^Am.    Vol.  IX,  im    pp 

Llapp,  C  H.,  Memoir  No.  36,  Geol.  Surv.  Can.  m\.  pp  107-121 
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n«c.,r,l,,l  in  tin-  M.iM.rfi.ial  cU.posits  of  the  Xanaimo  man-an-a 
••an  1...  .■.,nvlat..(l  witl.  those  of  tho  I'uR.t  Sou.kI  region,  th.- 
namos  ,,rnpus..,l  l.y  Willis  an-  usv.i  in  this  report,  as  th,-y  are 
in  the  writ.r-s  report  on  the  Victoria  .■>.  1  Saanieh  map-areas 
(  uhvood,  th,  name  for  on.-  of  the  in,.n,l,ers  of  tlu-  siiperHeial 
deposits  of  the  Victoria  n.ap-urea,  is  also  u.-e.l.  DiMinguishinK 
the  various  post-CIa.ial  as  well  a.  (Ila.ial  .h-po^its  w.  may  sui,- 
Uiviile  thi'  superfieiai  deposits  as  follows:— 
ri/-t-(ilaci;d  epoc  li. 

Boach  alluvium. 

Swamp,  valley,  and  delta  alluvium. 

Rock  debris. 
Vashon  filacial  epoch. 

Stage  of  glacial  retreat. 

Colwood  sands  and  gravels. 
Stage  of  glacial  occupation. 

Vashon  drift. 
Puyallup  interglacial  epoch. 

Puyallup  clays,  sands,  and  gravels. 
Admiralty  glacial  epoch. 

Admiralty  till. 

DiSTRIBLTION    .\ND    ChaIUCTKR    OF    De!  OSiTS. 

Ad  mi  rally  Till. 

The   Admiralty    till,    which    is   the  oldest   of  the  .superficial 
deposits  of  the  region,  is  not  cletirly  .listinguishe.l  in  the  Nanaimo 

or  the  Vashon  drift  ovrhe  an  ol.h  r  till  :]  or  4  feet  thick,  which 
prohal.ly  repre.-.nts  the  A.hniralty  till,  i.ut  is  not  present  in 
sufficient  amount  to  i,e  shown  on  the  accompanying  map  of 
th  s„perhci..d  Reoiogy.  It  is  prol.hle,  however,  that  some 
of  the  ,.,lac,a  dnft  ,„  the  hif-hcr  western  portion  of  the  map-ar.-a 
n.npped  as  V  a-hon  drift,  is  referable  to  the  Admiralty  epoch' 
bu  It  can  not  b<.  distinguished  from  the  more  abundant  Vashon' 
<in\t.  What  IS  supposed  to  be  the  Admiraltv  till  is  u  vollowish 
grey,  hne  sandy  and  rudely  stratified  till,  with  numerous  and 
.rn'g.,ilarly  distributed  rounded  pebbles  or  boulders  up  to  G 
inches  m  diameier.  ' 
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Pu>/(illiti>  Clni/s,  Sands,  and  (Iranh. 

The  Puyallup  int(  rfilacial  d.^posits  consi.st  of  well  stnitificd 
(lays,    saiuls,   and  pMV  Is      In   general    th<'    days    occur    n<'ar 
tho  base  of  the  d  '(losits  and  the  sands  and  Krav<'l-  near  tlic  top. 
However,  in  mappinp,  it  lias  not  iieiii  [)o-.>il.le  to  >epar.'le  tin- 
clays  from  tint  sands  and  gravels,  as  lias  heen  done  in  I  he  Victoria 
and  Saanich  map-areas.'      Uith  the  exception   of    the    south- 
western portion,   the  Puyallup  depoMts  are  found  throughout 
the  Nanainio  map-area,  usually  at  ;'lcvations  of  ies-;    than  .'UJO 
or  400  feet,  althougli  to  the  southeast  of  Mt.  Benson,  stratified 
sandy  chivs,  mapped  with  the  Puyallup  deposit-,  are  found 
ahove  500  feet.     The  deposits  are  thickest  and  be>t  developed 
to  the  w?st  and  northw»-st  of  the  city  of  Nanaimo  and  iji  the 
valley    extending    from    the  mouth  of  the  Nanainio  river  to 
I.adysmith  (Oyster)    harbour,  in  which  the  lower  part  of  the 
Xanaimo  river  flows.     In  thts  southwestern  part  of  tlie  map-ar<-a 
the  deposits  nov(>r  i'xisted,  but  on  and  near  the  larger  ridges 
of  the  rest  of  the  map-ar?a  and  on  the  islands  they  hav:-  apjiar- 
ently   been   largely   eroded  during  the   Vashon  glacial   period, 
or  else  are  covered  with  the  Va.-hon  drift.     Even  in  those  phii-es 
where  the  deposits  are  best  developed,  they  are  covered  by  a  t  hin 
but  fairly  per^i.-tent  covering  of  Vashon  drift,  wnich  is  represented 
on    the      .-iccompanying     map,     however,     only     where     well 
developed.     The  country  imderlain  by  the  Puyallup  depo-its  is 
usually  gentlv  rolling  or  il-tt,  although  somewhat  diversified  by 
the  valleys  of  small  intermittent  streams,  and  by  terraces  cut    in 
the  deposits  along  the  lower  part  of  the  Xanaimo  river.     'l"u 
tlie  northwest  of  Xanaimo,  the  deposits  form  a  rolling  plain 
from  300  to  400  feet  aJjove  sea-level,  with  a  steep  ea-tern  .-lofH'  to 
the  shore,  and  in  place-^,  as  along  the  southwest  shore  of  Depart- 
ure bay,  with  fairly  ste-p  clitTs  40  to  100  feet  high.     In  places, 
the  dei)osits  have  ai))iarently  bejn  partly  eroded  by  the  \'ashon 
glaciers,  so  that  unerod  -d  portions  remain  as  s-.uai  and    gravel 
ridges,  half  a    mile   to  a  mile  long,  an  eighth    to  a  fourth  of  a 
mile  wide,  and  GO  to  100  feet  high,  with  their  long  axes  in  the 
direction  of  glacial  movement,  about  S.  50°  E. 

The   clays  are   yellowi-li   grey   to   bluish   grey,    sandy,    and 
most  of  them  of  poor  plasticity.     They  are  intcrbcdded  with 

'  See  Memoir  No.  36,  Geol.  Surv.,  Canada,  1914,  pp.  1119-111. 
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d  p  s  t>.  Ihe  -unds  and  gravels  arc  well  str.tifi.,1  and  oocur 
m  flat  ly  ns  hods  u»  to  several  f...t  in  tl.iekne.s.  although  tl^ 
ndn.dual  hods  .re  n..re  or  less  lons-shap,.,  .,,,  overlap  and 

7^zrrr\  ^'t'  ''  ''"■  '"'"^  ^'  --• "-  •"-  ""- 

but  more  ^"•■'^"'''•^'>-  'I'f  il^utod  throughout  the  deposits, 
Inlr  r'""^^""""'  ""^  '^PP^rently  more  numerous  n  the 
lower  ..ort.on,  are  suhangular  to  rounded,  g|.v.i..lly  serath'd 

eter,  of  the  crystalhne  rocks  of  the  region,  ehieflv  of  granodioritc 
Some  of  the  days  and  clayey  .ands  are  carhona^eou.  and  con  Un 

ot^ni^'T  "'  T'T'^"'"-     '"^^  ^^^"-^'^^  --*-"  --ie 

and  sl^i  ;  "'  "'  ''"  **^T  ^'"^  ""P  ^^'^"^''^^  "f  ^J^^-  Victoria 
and  baan.ch  map-areas.     In  the  Nanaimo  mup-area,  however 

the  orgamsms  are  not  numerous  and  none  .vere  found  by  the 

erv-::i:nT^o  fr:  T'  ""■^'^"^"  ^^""^  '•>-  °--"  '*  - 

mvarion  ot   /O  feet  above  sea-levd. 

tilMmt^nJn"^  '^"''f'  '""''  '"^'  few*  place,  upon  the  Admiralty 
surface,,  of  the  undorlymg  hard  rocks.  It  varies  greatlv  in 
t^^-ckness.  largely  according  to  the  irregularities  in  the  under- 
b>ng  hard  rock  surface.  Over  extensive  ureas,  for  example 
to  the  east  of  the  lower  part  of  the  Nanaimo  ri'ver  it  "  ve^; 
nn.  averagu^g  only  3  or   4   feet,    but  northwest  o    NanaTmo 

drff    and^  !'  unconformably  overlain  by  the  Vashon 

drift,  and  is  commonly  strewn  with  large  glacial  erratic  boulders. 

Vashon  Drift. 

The  Vashon  drift  covers  the  greater  part  of  the  Nanaimo 
map-area,  manthng  the  interglacial  deposits.      However   beW 

po7t?or:fir ""' '''  '''t  ^^^^^^^  ^^-^  ^^^  -^^^  -"^'  >-- 

4  or  5  feet  thick,  and  frequently  thins  out  completely,  so  that 
over  large  areas  it  is  absent  or  is  represented  only  by  the  ghcia 
erra^  boulders  which  occur  strewn  over  the '  ur'face  ot  h 
interglacal    deposits.      As    already    mentioned,    the    drift    is 

'  Da««,n,  G.  M..  Q„art.  /our.  Geol.  Soc..  Vol.  XXXVII.  1881.  p,  ,79. 
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shown  on  th««  accompanying  map  of  the  superBcial  ecology  only 
where  it  attains  a  significant  thickness,  materially  changing 
tu<;(haractcr  of  the  topography,  soil,  and  vegetation,  and  where 
it  is  eonseciuently  easily  rec  ognize.I.  In  the  high.T  south- 
westoni  part  of  the  map-area  the  larg«r  i)art  of  the  drift  mantle 
is  (omposed  of  Va.>-!ion  drift.  It  in  probahle,  however,  that 
this  drift  is  mixed  with  more  or  less  of  the  Admiralty  till  from 
which  it  is  indistinguishalile.  Tlie  ""^ishon  drift  seldom  forms 
distinct  and  characteristic  toiuigrapha  features  such  -is  moraines 
antl  I'skers,  but  merely  forms  a  mantle  covering  either  the  hard 
rocks  or  the  interglacitvl  deposits.  However,  in  the  south- 
western part  of  the  map-area  it  forms  .^mall  hummocky  moraines 
and  to  the  north  of  Mi.  Hayes  are  three  or  four  morainal  hills, 
two  of  them  in  the  lea  of  a  large  outcrop,  elongate  in  the  direction 
of  glacial  movement,  about  S.  65°  E.  The  drift  has,  of  course, 
filled  up  many  of  the  ^maller  hollows  and  valleys  in  the  surface 
upon  which  it  lies,  and  its  own  surface  is  marked  by  ^mall 
irregularities,  such  as  low  rounded  hills  and  uudrained  shallow 
basins,  many  of  which  hold  small  lakes  or  have  Ijeen  filled  with 
a.luvium.  The  maximum  exposed  thickness  of  the  drift  is  about 
50  feet,  but  it  doubtless  attains  a  much  greater  thickness  in 
places,  and  may  exceed  even  150  feet.  Its  average  thickness 
whfre  shown  on  the  map,  is  probably  about  15  to  25  feet. 

The  Vashon  drift  is  ehiefiy  an  unsorted  mixture  of  coarse 
y(>llow  sand,  gravel,  and  clay,  with  numerous  subangular  to 
rounded  glaciated  cobbles  and  boulders  scattered  irre^--  ilarly 
through  it.  In  pbices,  the  sand,  which  greatly  predominato-  is 
rudely  stratified.  Near  the  surface  the  drift  is  usually  oxid  d 
to  dark  brown,  and  passes  into  a  dark,  sandy  and  gra\  .-Uy  loam 
which  usually  covers  it. 

Colu'ood  Sands  and  Gravels. 

^  In  the  south  central  part  of  the  map-area,  bordering  the 
Nanaimo  river  between  the  western  boundary  of  the  map-area 
and  the  Esrciimalt  and  Nanaimo  railway,  and  extending  south 
to  the  southern  boundary  of  the  maii-area,  near  Ladysmith,  is 
a  thick  deposit  of  sand  and  gravel.  The  deposit  forms  a  terraced 
plain,  over  6  miles  wide  at  its  outer  portion,  narrowing  to  a  few 
hundred  feet  3   miles  up   the  Nanaimo  river  (.see  Plate  XA). 
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For  unothor  3  miles  the  sand  .•uui  Rnivd  mor,.lv-  form  tornuTs 
l.order.ng  tho  river.     Along  the  w.vstern   border  of  the  broad 
portum  of  tlH.  deposit,  the  terraeed  plain  attains  an  <.levation 
of  400  feet  above  sea-levc-l.     From  this  elevation,  it  descends  to 
Ih..  ea>tward  nearly  to  sea-level,  and  even  to  sea-lev.l  in  its 
southern  portion,  in  a  series  of  broad  frraees,  varying  in  height 
from  10  to  ...)  f,...t.     N,.ar  the  western  inner  border  of  the  bn^ul 
por  ,on  o    .1,,.  p  am  an.l  south  of  the  Xa,>ain,o  river,  ar,.  n.anv 
we  1  d..yelop..d  kames  and  kettle  or  i,e  b|o,.k  holes  (.,.■  Plate 
Mij.      Ihe  largest  kettle  holes,  whirl,  are  shown  .m  Ih."  topo- 
KHiphn.  map,  are  100  t..  SOO  feet  a.Toss  and  10  to  SO  feet  ,leep. 
The  <le,,osit  eonsists  ehiefly  of  yellow,  eoarse  samis  an.l  fairly 
well  rounded  gravels,  eomposed  largely  of  pebbles  of  the  un.h"- 
|0.niK,.-..<l  granitie  roeks.     There  are  a  few  be.ls  of  v.'llow  to 
"luish    grey,    sandy    elay    interstnitided    with    the    sands    and 
gravels,    but    the    elays   are    rarely    smooth     ,  -     piastir       Thv 
upp.'r  or  surfa,-e  portion  of  tin-  terra.es  is  u.uallv  eon.posc.d  ..f 
horizontal  y  stratified  ...arse  grav.ls  and  is  ,.ve„  stnnvn  with  a 
few   bonld.Ts  2  to  3  feet    in  dian.eter.     Thes,.  eoars..  gravels 
which   vary  m  thickness  from  .^  to   lo  fe<.t,  overlie  tin-  fine,' 
gramed  beds  of  eoarse  saml  an.I  fine  gravel  whieh  are  usnally 
steeply  eross-bedded,  with  dips  of  15  to  ;J0  .legrees  to  the  east- 
^N;ir,l.      Ihus,  a  M.etion  of  almost  any  t.Tra.'e  shows  what   is 
.-.pparent  y  a   typical  d.'lta  structure,  with  ..oarse,  horiz.mtally 
be,  ded    top-.et    beds   ov.rlying   finer,    steeply   bedd,.!   fore-set 
1-ds  fs,.,.  Plat,.  \IA).    However,  this  appan^nt  or  ps,.udo  delta 
-  rur  „re  ,s  ,,robably  the  result  of  the  truncation  of  steeplv 
s  ranhe,l  sands  and  gravis,  which  compose  the  larg,,-  part  of 
<  H.  dep,Mt,  by  the  nver  which  terraced  the  deposit  and  which 
dep..sit,.d  .ts  own  load  on  top  of  the  lrun..ated  b,.ds  as  horizon- 
tally  bedded  coarse  gravels. 

The  Colwood  san.ls  and  g,.,ve|s  ..vcrli.-  the  interglacial 
•lepos.ts  and  presmnably  overlie  the  V.Msh.m  <lrift  sine.'  the 
surface  of  the  Vashon  drift  is  seen  .lipping  below  th,.  flat  surfaces 
of  the  (  olwood  s.-.nds  and  gravis,  an.l  since  in  ,>ther  ,,.-,rts  <,f 
\;.ncouver  islaml  the  Colwood  san.ls  and  gravels  are  seen 
<l.r.M.tly  ov.Tlying  the  V.-,shon  drift.  l-A-eept  in  the  kettle  lu.les 
and  .a  few  other  shallow  basins,  the  Colwood  sands  .nul  gravels 
are  not  covere.l   by  any  younger  deposit  and  even   the  soil 
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covering  is  thin.  Tho  thicl^noss  of  the  sjinds  and  gr;i\<'Is  is  at 
least  100  feot,  and  their  maximum  thickness  mav  be  as  great 
as  200  or  250  feet. 

Rock  Debris. 

Covering  the  hnrd  rocks  of  Cahriola,  Newcastle,  and  I'rotec- 
tion  islands,  is  a  thin  mantle  consisting  largely  of  small  to  large 
angular  fragments  of  the  immediately  underlying  rorks,  chiefly 
Cahriola  and  Protection  sandstones,  mixed  with  more  or  ie.-s 
glacial  till  and, in  some  places,  oven  with  the  interglacial  d.'po>its. 
This  mantle  of  rock  debris,  which  is  mapjied  as  such,  appears 
to  be  the  result  of  the  lircaking  down  by  mechanical  agencies 
in  pc.'t-CIacial  time,  of  the  underlying  s;'nd>ton<s.  Similar 
debris  has  been  found  at  the  base  of  some  of  t:.c  sandstone  diffs 
of  V-'-couver  island,  and  a  coarse  talus  of  gnmodiurite  and 
dior..v  has  been  formed  at  the  ba>e  of  the  steej)  northeast  face 
of  Mt.  Hayes.  Where  these  talu-^  dcjtosits  are  extcTi-ive  they 
are  shown  on  the  accompanying  map  as  rock  debri^. 

Swniiip,  ValUy.  and  Dilla  AUurinin. 

In  the  undrained  hollows  of  the  drift  manth',  and  along 
sluggishly  drained  valh>ys  in  the  drift  mantle  or  in  vall(>ys  in 
the  hard  rocks,  especially  1 ' c  nortl.west-'-()uthe!l^t  valleys  which 
have  been  widened  and  deepened  by  glacial  scour  and  partially 
filled  and  damnied  by  drift  depovij.-,  arc  di])()-its  (,f  black  car- 
bonaceous mud  or  muck  and  of  fine  grain<(l  .■•ilic(-()us  clays  or 
silts.  These  were  doubtless  depo>ited  during  ))o>t-('.!  -"al  or 
Recent  time  in  sluggish  .-tr(>anis  or  in  the  standiiig  watei  i  small 
lakes  or  ponds,  some  of  which  are  only  ])artially  fill;>d  and  are 
now  swamps,  while  others  are  comi)letely  filled  or  have  been 
drained  artificially.  Also,  at  the  mouth  of  the  Nanainio  river 
a  large  delta  of  similar  m.-iterial  is  rapidly  filling  the  drowned 
valley  between  Nanaimo  and  .lack  jioint  (sec  Plate  II).  A 
similar  but  much  smaller  delta  is  being  formed  at  the  head  of 
Ladysmith  (Oyster)    harbour. 


Hmch  All 


iirutm. 


As  described  under  shore-lines,  jiart  of  the  sand  and  gravel 
of  the  drift  deposits  that  have  l)een  retrograded  during  the  present 
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marin«>  cycle,  nuw  forms  small  narrow  beaches  between  rock 
headlands;  mid  ni  a  few  places,  small  barrier  beaches  and  sand 
bars,  which  are  shown  on  the  accompanying  map,  have  been 
lormcil. 


SxuUCTlliE. 

The  sequence  of  the  various  superficial  deposits  as  well  as 
their  general  structure  has  already  been  given,  but  the  structure 
may  be  sumniarized  here.  All  of  the  deposits  are  essentially 
flat  lying.  Four  marked  unronformities  occur  in  the  super- 
hcial  deposits-bet  ween  the  Admiralty  till  and  the  Puyallup 
luterglacial  deposits  or  the  Vasl.on  drift;  between  the  Puyallup 
c'opnsits  and  the  \'ashon  drift;  between  the  Puvullup  deposits 
or  the  \ashon  drift  and  the  Colwood  sands  and  gravels-  and 
between  the  Glacial  deposits  and  the  i>ust-Glacial  alluvium 
Besides  these  there  are  numberless  local  unconformities  caused 
r)y  cross  stratification  ami  contemporaneous  erosion  and  depo- 
sition. 

GlaCIOLOGY    .\NU    MoIJE    of   ORKilN    OF   SUPKRFICUL 

Dfpcisits. 

From  (he  character  of  the  superficial  deposits  it  is  seen  that 
they  are  composed  larg.-i.-of  f^.acial  debris  and  detritus,  so  that 
a  discussion  of  their  origin  is  so  closely  linked  with  a  discussion 
of  the  glaciation  of  the  Nanaimo  map-area  that  the  two  topics 
are  treate.l  together.      From   the  wide-spreud  distribution  of 
glacial  till  on  the  upland  of  ^^mcouver  island,  and  from  the 
severe  glaciation  of  the  i,,,lancl,   mountains  nearlv  0,000  feet 
high  having  been  rounded,  it  is  seen  that  Vancouver  island  wis 
at  some  time  during  il,e  Glacial  period  nearly  smothered  by  a 
thu'k  ice-eap.    Vall-y  glaci,.rs  fille.l  the  largerVall.-vs,  and  those 
fl.nving  <.astward  from  the  east  slope  of  the  Vancouver  range 
joined   with   tlu'   larger  and   more   numerous   glaciers  flowing 
w<.stward  from  the  ranges    uf    tlie    mainland,  and  fornu>d  an 
extensive  piedmont  glacier  whi.h  occupi<.d  the  downfold  between 
the   \an<ouver  range  and   tii<.   ranges  <.:  the  mainlaiul.     The 
southward  or  soutiieastvard  (lowing  jiortion   of  thi.  picimont 
glacier,  called  by  Dawson'  the  Strait  of  Georgia  glacier,  overrode 

•  anvson,  G.  M,,  Trans,  I!,,;,  ul  Soc.  Can.,  W.I.  VIII,  IVJO,  sec.  4.  p.  59. 
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Virtually  all  of  tLe  surface  soil,  and  smoothed  off  th..  ..n^niar 
ities  of  the  pre-Glacial  ro.-k  .surface..  -tngular- 

Tho  rocks  of  the  Xanaimo  n.ap-aroa  were  not  oniv  >nu,othed 
>ut    grooved    and  striated,    and  the  srmiiler  ledce;  were  V 
.nto  'boat-bottomed'  shapes  or  ro,.hes  m"    o^^^  :;      ^Z 
ong  axc«  m  the  direction  of  glacial  movement,  the      ma  le 

glaciers  came.    The  mnior  features  of  glacial  scour  are  not  well 
preserved  .n  the  rocks  of  the  Nanaimo  series,  excep    wh^c  t 
n,cks  have  been  protected  from  erosion  and  disilg^  ^  ^  ^ 
a  duf    cover.     Ihese  features  are  best  obs.rved  where  tie 
protected   rock.s   have   been    very    recentlv    unco  ^  Th 

O.as.on  caused  by  the  glacier  or  glaciers, 'since  it  i/ p'ob^J 
that  X  alley  glaciers  fiown.g  eastward  from  the  Vancouver  Isln,,) 
jce^.^  mmgled  in  the  higher  western  part  of  th^mi^^  t^th 
he  h  ra  t  of  (.eorgui  glacier,  was  not  extreme.     I„  n'o.t  pl.rce 
the  g  ac.ers  merely  rounded  the  sedimentarv  rock    u^     •  n  i 
rounded  the  crystalline  rock  ledges  into  knob-like  fornt  ' '  In 
ow  places,  however,  the  gradation  was  more  intense  and  w  ole 

are    afforded    by    .Northumberland     channel    and    La.lv<mit 
Oyster   harbour,  and  on  the  ea.st  flank  of  Mt.  Ben.on   wo'm 
akes,  the,r  ..^e  now  increased  by  artificial  dan^s.^nirh 
locally  deepened  valley.      The  east-west  ridge  ,.     crv    -U Le 
rocks  north  of  Departure  bay,  well  depicted  on  the  (c ,    ^  i  p 
map.  .s  .nteresting  in  that  it  shuws  the  two  tvpes  o   g Sit i  n 
he  subma  ure  and  Mh-  mature.     The  north  sk.pe  of  t       ri S 
.>  .teep  bu    nearly  smooth,  the  lower  portion  being  huge  vd  iff 
-vered,  wh.le  the  southern  slope  is  chnracte,:.'    C.^^ 

=;g^i:;r^;'r;xn:.r':^^^^^^^^ 

The  general  din-ction  of  the  movement  of  the  Stnnt  of  CieorH. 
LI'  ^  '°  '^'  ^"^■"^^''^  ^'-■^^^•^•^»  ti^'^  V-n'-^  vc-  ^angl 

ool41^— 7 
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and  the  ranges  of  the  mainland.  In  the  eastern  part  of  the  low- 
land, bordering  the  downfold,  there  appears  to  have  been 
liitle  deviation  of  the  glacial  movement  from  this  general  direc- 
tion. I5ut  ill  the  higher  portions  of  the  western  part  of  the  maji- 
area,  especially  near  the  east-west  ridges  composed  of  crystalline 
rock  in  thi>  nortliern  and  southern  pares  of  the  map-area,  the 
topography  and  the  eastward  movement  of  the  gl;\ciers  descend- 
ing from  the  Vancouver  range  greatly  atfected  the  glacial 
movement,  which  i.s  there  more  nearly  east  and  west,  averaging 
about  ti.  70°  E. 

The  only  depo-it  of  the  Nanaimo  map-area  that  was  clearly 
deposited  during  this  period  of  glaciation  is  the  Admiralty  till. 
It  was  doubtless  more  extensive  than  appears  at  present, 
and  probably  furnished  much  of  the  material  of  the  Puyaliup 
interglacial  deposits,  and,  as  mentioned,  doubtless  occurs 
in  the  higher  western  portions  of  the  map-area  mingled  with  the 
Vashon  drift.  It  was  deposited  directly  by  ice,  but  part  of  it  was 
apparently  deposited  in  water,  probably  below  sea-level,  since 
it  is  partly  stratified  and  directly  overlain  by  the  marine  inter- 
glacial deposits. 

On  the  retreat  of  the  glaciers  of  the  Admiralty  epoch,  the  land 
stood  at  least  70  feet  lower  than  it  is  at  present,  and  presumably 
nearl>'  100  feet  lower,  as  is  showTi  by  the  occurrence  of  marine 
fossils  in  the  interglacial  deposits  up  to  an  elevation  of  70 
feet  and  the  occurrence  of  deposits  similar  to  those  containing  th<! 
fossils  up  to  elevations  of  300  to  400  feet.  Hence  the  pre- 
Glacial  lowland  must  have  been  submerged  below  sea-level, 
forming  estuaries.  In  these  estuaries,  under  conditions  of  com- 
parative quiet  and  of  moderate  temperature,  showni  by  the 
remains  of  vegetable  and  animal  life,  the  lower  portion  of  the 
Puyaliup  deposits  was  deposited.  The  glaci(Ts  had  rot,  how- 
ever, completely  disappeared  from  the  region,  as  the  irregularly- 
distributed  pebbles  and  large  erratic  boulders  found  in  the 
Puyaliup  deposits  were  doubtless  dropped  from  floating  iie. 
During  the  later  stages  of  the  interglacial  epoch,  when  the 
upper  sands  and  gravels  were  deposited,  either  shallower  water 
prevailed  or  else  the  rivers  and  streams  Issuing  from  the 
glacial  front,  perhaps  advancing  at  this  time,  were  more 
heavily  loaded  with  coarser  detritus. 
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The  intorgla.i:U  opoch  ^vas  brought  to  n  .■lo.o  l.y  iho  second 
glana,  ajlv.uu.,  tho  V.shon  «l..,..ial  epoH..  At  this  in "  t  e 
Vash,,n  dr,  t  was  d.po.Mt.d,  largely  l.y  i...  alon,-,  hut  si,wo  some 

T^ftter  nth.T  l.y  streams  flowing  l„.„eath  the  glacier  ur  i.M.inc 
at  .ts  .runt  The  Vashn.  g,,,,i,Hon  was  l.ss  bleu..  U,  .;  t  e 
Adnura  ,y  glae.at.on  the  Xashon  ,ia<  i.r-  .ner.ly  ..rodin,  n,.  i  s 
of  the  older  uneoi,s„lidated  glacial  ,l.-p«sit. 

lo  ju.ige  from  the  ahsen,.,.  of  ..or,.pi,.,un.s  moraine..  ..un.po-ed 

bun    fan i^    ,ap„l.'       Nevertheless,    fl,,.   (-„hvou,l   sun.ls   and 
gray.  Is  were  .lepoMt.d  apparently  hy  h.avily  loade.l  s  re.nms 

HHan  ^;.""7'^"';f  «'---  "-"Pyin*^  .ho  Nanaimo  Hiver  am 
Ha.  am  Creek  valleys.  The  deposit  is,  therefore,  a  delta  as  i 
further  mduated  I.y  its  steep  stratifieation,  and  is  ealled  the 
rvamumo  delta.  That  the  delta  was  formed  near  the  ront 
of  the  ,ce  durmg  glacial  recession  is  fully  substantiated  hvThe 
presence  of  kettle  holes  and  kames  near  it^  horde;!  p.i 

fetra.t  of  (.,=org>a  glac.er,  .mee  it  appears  that  the  glacier  covered 

ho  islands  dur.ng  the  deposition  of  the  delta  deposits  a     the 

islands  are  merely   covered   by  rock   debris.     But  since  it  is 

d" urio!)  fv7"    ";  '^"  °""™""  "^  '"-"-^--il^  ^^t  elevations 
about  400  leet  m  deposits  overlying  the  Vashon  drift  in  the 

of     1  4  ,  r  ''•'""'^'  '""'•  ''''''  ">-^*  '^  the  elevation 

of  the  Nanaimo  delta,  ,t  ,s  most  probable  that  the  delta  was 
deposited  m  salt  water.  Since  the  uplift,  the  delta  has  been 
terraced  by  the  revived  streams  crossing  it 

The  orighi   of   the   post-dlacial    deposits   has   been   already 
hufficiently  indicated.  ^ 


Age  and  Coruelation. 

There  is,  of  course,  little  question  as  to  the  general  age  of 

1.0  superficd  deposits.      The  A.lmiralty  till  and  Vashon  drift 

ere  cle.irly  deposited  during  two  epochs  of  glaciation  separated 

l^^the  Puyallup  mterglacial  epoch,  during  which  the  Puyallup 

a  V."  "•"';'"''•  G   M,.  Iloyal  Soc.  Cnn  ,  Vo!.  VHI    Hsn  vo  4  n  « 
Per.„,m.l  commun.cat.„„  by  K.  G    JJOmn.ll  ana  c'lmrie-  Cam\>ll 
53141—71 


92 


diiys,  .-^ands,  and  Rravel.x,  in  p:irt  of  marin^  orig.n?,  were 
deposited.  In  these  interglacial  deponils  are  foui—  tiiO  following 
Pleistocene  foshils,  also  found  in  the  interglacial  deposits  of 
the  Victoria  and  Saanich  mai)-areaH.' 

Saxicava  rugosa. 
Mya  trunrata. 
I.cda  fossa. 

The  sands  and  gravels  of  the  Nanaimo  delta  were  clearly 
deposited  during  the  recession  of  the  Vashon  glaciers,  uresumably 
during  the  transition  between  Pleistocene  and  Recent  times, 
and  hence  are  coriclated  with  the  Colwood  sands  and  gravels 
of  the  Victori:i  map-area.'  In  Recent  time,  the  swamp,  valley 
and  delta  anil  beach  alluvium  has  be(>n  deposited,  and  the 
bared  glaciated  rocks  have  been  disintegrated  into  rock  debris. 

As  haK  already  been  stat<^d  the  two  glacial  epochs  of  the  Nan- 
aimo map-area  are  correlated  with  the  two  glacial  epochs  which 
have  been  recognized  in  other  parts  of  the  North  Pacific  coast 
and  called  the  Admiralty  and  Vashon  epochs.  The  features  of 
the  su])erficial  deposits  of  the  Nanaimo  m:ip-area  agree  very 
closclj'  with  those  of  the  Victoria  and  Saanich  map-area,'  which 
are  correlated  with  much  certainty  with  those  of  the  Tacoma 
quadrangle^  (map-area).  The  Vashon  epoch*  has  been  correlated 
with  the  last  epoch  of  glaciation  of  the  central  and  eastern 
parts  of  North  America,  the  Wisconsin.  In  the  Puget  Sound 
region,  the  Admiralty  till  and  Puyallup  interglacial  deposits 
are  frequently  weathered,  suggesting  that  they  were  long  e.xposcd 
before  the  Vashun  glaciation.  But  in  the  Nanaimo  map-area, 
as  in  the  Victoria  and  Saanich  map-areas,  the  till  and  inter- 
glacial deposits  are  unweathered.  However,  there  must  have 
lieen  a  long  interval  between  the  Vashon  and  Admiralty  epochs, 
but  th"  Admiralty  epoch  c.-iimot  at  present  be  cornlated  with 
any  certainty  with  one  of  the  pre-Wisconsin  glacial  epochs 
of  central  and  eastern  North  America. 


•  Dawson,  G.  M  ,  Quart.  Jour.  Gijjl.  Soo..  Vol,  XXXVII,  1S8'.,  p.  270. 
'  Memoir  No.  M.  CJool.  Surv..  ('M:nla;  il>H.  p.  112. 

JSw  Memoir  No    .16.  G<^1.  .Surv  ,  ("m:i.U:  l')lt.  pp.  M7-12I. 

*  Wiliin,  B..  ami  Smith.  O.  G.,  Taconiii.  folio  No  54,  U.S.  GmI.  Surv.,  IS99. 
■'•  Daw  inn,  d    M  ,  Iiu\  .  Soc   Can..  Vol.  VIII,  IS'.W,  vc.  4.  p.  .tI. 

Brctn.  Harlnr,  J  ,  Terminal  Moraine  of  tho  Fugct  Sound  giacior:   Jour,  of  Geol.    vol.    XI.\, 
leil,  p   174. 
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HISTORICAL  GEOLOGY. 

During  lower  Mosozoic  (Triasnc  andJurassic)  time  in  southfrn 
Vancouver  island  exLaisive  voleaui.«n»  took  plac,.,  presuwably 
under  submarine   conditions,   at   which   tin..-   the   moderately 
basic  Vancouver  volcanics  wore  erupted.     At  some  time  during 
the  accumulation  of  the  ^olcanie  rocks  a  change  of  c.-nditions 
brought  about  the  deposition  of  tine  sraim-d  sedimenf^    thus 
forming  the  rocks  of  the  Sicker  series.     At  or  near  the  cIoh-  of 
the  lower  Me.sozoic,  th.-  volcanic  and  sedimentary  rocks,  whicii 
compose  the  Vancouver  group,  were  greatly  d.'fornied,  the  main 
a.\is  of  def<jrmation  corresj)unding  with  the  trend  of  the  island 
During  and  closely  following  the  d.^formation,   batholiths  and 
stocks  of  gramtic  rocks  were  intruded  into  the  fo.  .cd  rocks  of 
th(!    Vancouver    grou]),    greatly    metamorphosji.tr    fh^.^.     71,^. 
principal   intrusive  was  the  .Saanich  granodiorite,  which  was 
intrusive  also  mto  a  gabbro-diorite,  which  appears  to  have  been 
an  early  peripheral    differ.'ntiate  of  the  8aanich   granodiorite 
magma.     During  the  same  general  period,  but  whether  before 
or  after  the  intrusion  of  the  Saanich  granodiorite  is  not  known, 
the  Sicker  series  were  injected  by  the  Sicker  gnbbro  p<>ri)hvrit.> 
Ihe  granitic   rocks  were  subsequ(>ntly  exposed   by  erosion 
presumably  during  the  cycle  initiated  by  the  deformation,  and 
upon  an  erosion  surlac.>  of  moderate  relief  comiwsed  of  the 
granitic  rocks  and  of  ihe  rocks  of  the  Vancouver  group,  a  series 
of  fragmental  sedim.nts,  the  Nanaimo  series,  was  deposited  in 
Lpper  Cretaceous  time.     The  sediments  were  (U'rived  chiefly 
from  the  underlying  granitic  and  metamorphic  rocks  and  were 
deposited  in  a  marine  l)asin  between  Vancouver  islaiid  and  the 
mainland,  which  basin  was  probably  the  result  of  (!•  'ormation 
and  was  depressed  at  least  tis  e.-irly  as  the  upjier  Jura,-u-  folding. 
The  deposition  took  place  under  varying  <onditions,  and  it  is 
probable  that  marine   (estuarine)   conditions  alternated   with 
those  of  fresh  and  brarkish  water.     At  the  close  of  thcnr  deposi- 
tion the  sediments  in  the  vicinity  of  the  Nanaimo  map-area 
averaged  about  6,700  feet  in  thickness,  while  a  few  mil.s  to  the 
southeast  they  were  about  10,000  feet  thick.     At  that  tim<'  it  is 
probable  that  they  covered  tho  entire  map-area,  even  the  larger 
of  the  higher  residuals  of  the  irregular  surface  upon  which  they 
were  deposited. 
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During  tbc  d<>po.-<iti<m  of  tin  Nanaimo  series,  local  movemontM 
oci'urr«<l,  and  at  the  dose  of  sedimintation,  near  the 
l)epinninK  of  Eocene  time,  the  series  was  jiresiimahly  uplifted 
without  much  folding.  Farther  south  exten-ive  volcanism  and 
sedimentation  took  place  <luring  upper  FA)cene  time,  and  at 
or  near  the  clos*'  of  the  Eocene,  the  I'^oceno  volranics  ami 
sediments  and  the  Nanaimo  series  were  exten>ively  folded  and 
faulted,  the  main  axi«  of  deformation  being  about  N.  70°  \V. 
It  is  probable  that  the  forces  causing  the  deformation  acted 
from  the  northeast,  doubtless  having  their  origin  below  the 
basin  between  Vancouver  island  and  the  mainland,  that  was 
partially  filled  by  the  Ujiper  Cretaceous  and  Eocene  sedimen- 
tation. 

This  post-Eocene  deformation  initiated  a  new  erosion  cycle, 
which  has  been  called  the  Tertiary  cycle,  although  most  of  the 
erosion  was  probably  accomplished  during  th.^  Miocene  period. 
During  the  Tertiary  cycle  all  of  the  rocks  of  the  map-area  were 
greatly  reduced,  'j'he  Tertiary  cycle  wa.^  dosed  and  a  new 
cycle,  the  prc-Glacial  cycle,  was  initiated  by  an  uplift,  that  prob- 
ably took  place  during  Pliocene  or  possibly  early  Pleistocene' 
time.  During  the  pre-Glacial  cycle  the  uplifted  surface, 
developed  during  the  Tertiary  cycle,  was  entirely  destroyed 
and  the  region  re<luced  to  a  lowland.  The  sedimentary  rock 
cover  was  stripped  from  the  higher  portions  of  the  crystallin«' 
rocks,  re-exposing  the  old  residuals  of  the  pre-Upper  Cretaceous 
erosion  surface,  which  now  form  low  ridges  extending  eastward 
from  the  upland  to  the  west  of  the  map-area,  the  ridges  and 
upland  steeply  .surmounting  the  sedimentary  rock  lowland. 
The  sedimentary  rocks  were  not  reduced  to  a  level,  but  the 
hard  rocks  remained  as  cuestas  up  to  700  feet  high  and  3  or  4 
milts  in  length  surmounting  subsequent  valleys  cut  in  the 
soft  rocks. 

The  pre-Cilacial  cycle  was  brought  to  a  dose  by  the  advent 
of  the  Glacial  period  during  which  the  Nanaimo  map-area  was 
twice  overridden  by  glaciers.  During  the  first  epoch  of  glacia- 
tion,  called  tli(>  Admiralty,  the  southward  flowing  Strait  of 
Georgia  glacier  mingled  with  the  glaciers  flowing  eastward  from 

*  Sinrv  sedimentation  rt'am'd  abruptly  at  the  close  of  the  Miocene  in  this  gener:il  region,  th'' 
writer  i.--  inclined  to  l)e!ie\p  that  th;-  uplift  tiwjk  plaee  in  early  Pliocene  times. compare  Kalph  Arnold, 
Journ.  of  CJefil..  Vol.  17.  lOltll,  pp.  ."iJ.S-SJI;  hut  other  Kcologisti*,  from  results  obtained  inland,  arc 
icnlineti  to  pl;ice  the  uplift  in  late  Pliocene  or  early  Pleistocene  titoos. 
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the  upland  of  \:in((iuver  island,  and  overrode  the  Nunnimo 
map-area  suhniaturely  to  maturely  glaciatinR  it.  Either  before 
the  advent  or  directly  following  the  retreat  ef  the  earlier  and 
larger  Rlaciers,  the  region  was  d.  pressed,  part  of  it  btlow  sea- 
level,  apparently  the  eastern  por'ion  heinj;  depressed  most. 
Henee,  during  the  Puyallup  intergl.icial  ep,  h  the  pre-Clacial 
lowland  was  covered  hy  n.:irine  and  delta  ilen-  its  composed 
largely  of  glacial  delritus.  During  the  later  aiul  less  intense 
epoch  of  glaciation,  the  Vashon,  th«'  interglacial  deposits  were 
partially  erod<(l  by  the  smaller  glaciers,  which  uix-n  their 
apparently  rapid  retreat  left  the  deposits  partly  covered  by  a 
younger  drift,  and  by  a  large  delta  deposit,  composed  of  Colwood 
sands  and  gravels,  the  Xanaimo  delta,  which  formed  at  Ihe  front 
of  two  retreating  glaciers  occupying  valleys  flowing  east  from 
the  rpland. 

Doubtless  soon  after  the  retreat  of  the  later  glaciers  the 
present  cycle  was  initiated  by  an  uplift  of  some  400  f<>(  t.  This 
uplift  brought  the  Glacial  deposits  above  sea-level  and  they 
have  been  terraced  by  the  larger  transverse  streams  revived 
by  the  uplift.  The  revived  streams  have  also  cut  narrow- 
canyons  in  the  underlying  sedimentary  rocks.  The  uplift  was 
not  sufficient  to  offset,  in  the  eastern  part  of  the  m.-.p-area,  the 
earlier  depression,  so  that  the  sulKsequent  valleys  are  there  still 
below  sea-level,  while  the  hard  rock  ridges  form  islands  and 
points.  During  the  present  marine  cycle  the  uplifted  Claciii! 
deposits  have  bee'i  retrograded  in  places  to  form  steep  cliffs, 
but  in  most  places  the  shore-lines  in  the  hard  rocks  present  the 
initial  irregularities  of  the  drowned  surface. 
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CHAPTER   V. 
ECONOMIC  GEOLOGY. 

The  mineral  rcsonrcun  of  the  Nanaimo  tnap-uroa  tonxist  chiefly 
of  its  coal  depositH,  which  have  been  rained  Hince  1852.  Since 
then  the  industry  has  sho\TO  a  steady  increase  and  it  has  a  very 
promising  future.  The  other  mineral  p  sources  include  building 
stone,  sand  and  gravel,  and  shale  and  Hurface  day.  Other 
deposit.s  which  have  been  prospected  arc  the  impure  limestones 
(calcarenites)  at  Departure  bay  and  the  mineralized  slu-ar 
rones  and  veins  in  the  crystalline  rocks. 


COAL. 


GExXERAL  DESCRIPTION. 

The  Jfanaimo  coal  fiel.l  occurs  at  the  northwef^tern  end  of 
the  Nanaimo  basin,  and  with  the  exception  of  a  small  portion 
in  the  vicinity  of  Wellington,  lies  within  the  Nanaimo  map-area; 
and  the  map-area  embraces  all  of  the  mines  producing  at  the 
present  time.  The  productive  area  is  only  about  T-fj  v --uire 
miles,  but  the  area  virtually  known  to  be  underlain  by  wor«.able 
coal  seams  is  somewhat  larger.  The  coal  occurs  chiefly  in  the 
lower  part  of  the  Nanaimo  series  in  three  seams,  the  Wellington, 
the  Newcastle,  and  the  Douglas.  The  lowest  seam,  the  Welling- 
ton, lies  at  the  base  of  the  Extension  formation  and  rests  on  the 
East  Wellington  sandstone,  and  is  about  700  feet  above  the  base 
of  the  Nanaimo  series.  The  Newcastle  scam  occurs  at  the  base 
of  the  Newcastle  formation,  and  overlies  the  Wellington  seam 
by  about  800  to  1,000  feet.  The  Douglas  seam  is  contained 
in  the  Newcastle  formation,  from  25  to  100  feet  above  the  New- 
castle seam.  As  already  described,'  the  associated  measures 
are  moderately  disturbed  and  have  a  general  monoclinal  struc- 
ture  with  a  low  dip  to  the  northeast.     There  are  a  few  rather 

'  Structural  Geoloc  of  the  Nanaimo  tenot. 
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larger  upon  fold.s  ami  many  .mailer  one,.     Thfr."  an-  :iNo  mnnv 
minor  faults  and  in  th.-  southwHtorn  part  of  th.-  fi..l,i,  afTorlinR 
tlH.  VN.U.nKt.m  nt-am  only,  are  at  least  two  and  p"-HiMy  four 
reversed,  strike  faults  with  throw.-  of     K)  to  5(M)  feet. 

Thp  three  seam.s  ar,<  remarkably  persist<-nt  eon.i.Ierin.  the 
gro„t   varmUiity  of  the  asso..iated  ro.kn,  but  vary  Rreariv  in 
Uurkn.w.  and  fjuality.     In  plu-en  a  variation  as  greaf  as  fn.n, 
J  or  J  f.H-t  of  .l.rty  siuk.nsided  coal  or  "ra.h  "  to  30  f.ef  of  .lean 
coal  oeeurs   within  a  lateral   dirtance  of    100  fe.'t      It  .e.ms 
as  If  tins  e.xtren.e  variation  is  ,lu<.  to  a  folding  of  djrtv  or  hUv 
coal  Reams,  when  at  le.-ist  the  clean  coal  was  in  a  plastie  or  n..,4v 
condition,  p.Tmitting  it    to  (low  ..iway  from  the  bends  where 
an   mrreaMd   vertical    j-ressure   was   developed,   to   the   limbs 
of  the  folds  where  there  was  a  .orrespon.ling  de.reaso  of  preKsnre 
I  hero  are  also  large,  barren  places  in  the  seams  owing  to  .ihing 
or  .similar  causes.     The  coal  seams  are  di.,pla,-ed  also  bv  small 
fault,   although  an  actual  break  seldom  occurs,  th.-  coafhaving 
been  forced  along  the   plane  or  zone  „f  dislocation,     ii.relv 
the  seams  fold  or  wrinkle  without  any  appreciable  variation 
in  thickiit  ss. 

The  coals  of  the  various  seams  are,  as  a  whole,  much  alike. 
and  are  high  volatile  bituminous  coals  of  fair  qualitv  The 
amount  of  fi.x.-d  carbon  in  the  best  qualitv  ranges  frem  -l.^  to 
bO  per  cent  and  the  a^h  from  5  to  10  per  cent  The  coiK- 
-specially  that  from  the  Wellington  scam,  coke  readilv  The 
^^wing  arc  the  avanabl.  nnaiy-.<  of  conls  fr.m  th.  Nanaimo 
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Analyses  of  Coals  from  the  Nanainio  Field — Con. 
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No.  I.  "Run  of  i.ilnc".  Ka-^t  \Vclli;,«(,.n  No.  1  mine,  Vancouvcr-Nanaimo  Coal 
.MiiiiiU'Co..  C.  !f.CI:,|i|..  c.lhctor.  I'.  (.'..Wuit.anaiy.-t. 

.No.  2.   "iiun  of  tiiini'".  No!^.  1.  2,  and  3  Kxtcn.'^ion  iiiincH,  Canadian  (\i]Vv  r.,-^  ( ■,, 
('.  il.  Clapp.  colhctor,  r.  c;.  Wait,  analy.st. 

\o.  3.   Uf-duhir  sample  (jf  ( iinuiirTria!  coal,  IJ'  screen  and  picluni;  lull.     Kitension 
luine.    Wellington    Colir.  ries    Company     (Canadian    Collieries    Company) 
1-Alr.ir  Slanslield,  T)ep|.  ,,i  Mines,  .Mines  Hrancli,  C<jals  of  Canada, Vol.  11 
'I'nljlo  L.W  III,  Kecaleulali  .1  lo  an  nir-dry  lia-Ms. 

No.  4.  Kv^ular  sample  of  commi  icial  coal,  over  2'  .screen  and  picking  hell.  No.  1 
nuMe,  Western  l-'iiel  Co.,  No.  1  .North  level,  lower  seam.  Kdcar  .Sl-i'nslield 
Depi.  (if  Mines,  .Mines  Hranch,  Coals  of  Canad.i,  Vol.  II,  'jable  LNVIII,' 
liecali  ulali  il  lo  an  air-dry  basis. 

.\o.  5.  Heuiular  sampi.  of  commer,  ial  coal,  over  2"  ■s(re(  n  and  pickinc  lull .  Xo.  1 
mine.  Western  I'u'  I  Co.,  Ipper  >.  iim  or  south  side  i^oal.  IJdi'ar  Stansfield, 
l)e|ii.  iif  .Mines,  .Mines  llrancli.  Coals  of  (.lanadii,  Vol.  II.  Table  LXVIU, 
iie''al"ul.'iled  (o  an  air-dry  basis. 

-No.  fi.  "Run  of  mine".  South  Wellington  mine.  Pacific  Coast  Coal  Mines,  C  H. 
Ciapp,  colli'clor,  K.  (i.  Wait,  analy.st. 
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The  fulIcnvinR  proxiniutc  analysos  arc  from  DowliiiR's  compil- 
ation of  analyses  in  I'ul.jication  No.  1035,  Ccologicai  Survey, 
Canada,  lOO!). 
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A  small  scam  avera>>;inp;  almut  2  feet  thick,  called  the  Little 
WellinRton,  overlies  the  \VellinM;tiin  lociilly  in  the  extreme 
nortliwesleni  ])ai1  of  liic  ha^n,  at  a  distance  of  20  1o  ()()  feet. 
It  was  mined  at  t  he  ( )ld  Wellington  collieries,  within  the  Nanaimo 


map- 


iri  a, 


It  the  old  No.  1  .-haft, 


id  it  is  r(>|iortcd  to  have  heon 


mined  at  the  old  llast  Wellington  colliery,  also  within  the 
Nanaimo  map-an  ,■!.  Another  small  seam  occurs  SO  to  100  feet 
al)ov(-  the  Wellington  .seam  near  the  Nanaimo  river  south  of 
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Extension.  The  scam  as  exposed  at  "Jacks"  prospect  on  the 
north  bank  of  the  Nanuimo  river,  three-fourths  of  a  mile 
abov.-  tin-  Extension  colheries  railway  bridge,  is  about  10  feet 
thick  and  consists  of  a  carbonaceous  shale  witli  lentils  of  bony 
coal,  and  occurs  as  an  interbed  in  the  Extension  conglomerate's 
and  su'idstoncs.  A  thousand  feet  to  the  east,  apparently  the 
same  se:;m  is  <'xposed,  and  consists  of  3  feet  of  bony  coal  with 
partiiiKs  of  vand>,tone  and  conglomerate.  There  appears  > 
be  still  another  small  .seam  with  a  maximum  thickness  of  \:  or 
■i  feet,  in  the  Extension  formation,  from  200  to  250  feet  aljove 
the  Wellington  seam.  This  ha^  been  found  in  several  bore- 
holes in  the  vicinity  of  Extension,  and  h-s  than  half  a  mile  to 
the  northeast  of  Extension,  ne.-tr  the  old  railway  grade,  is  a 
small  prospect  on  what  is  apparently  the  outcrop  of  this  seam. 
There  it  consists  merely  of  carbonaceous  shale  with  coaly  lentils. 
Besides  the  small  seams  in  the  Extension  formation  there  are 
numerous  lenses  or  lentils  of  coal  in  the  Protection,  Cedar 
l)'-trict,  and  DeCourcy  formations.  Most  of  the  lentils  are 
only  a  few  inches  thick,  hut  a  fe.v  are  2  to  4  feet  thick.  Several 
of  them  have  been  prospecteil,  but  none  of  them,  however,  so 
far  as  known,  are  more  than  a  few  feet  in  lateral  extent,  or  arc 
of  any  commercial  value. 

The  Wellington  .seam  lias  been  mined  at  Wellington,  North- 
field.  East  Wellington,  Harev  .od  Plains,  and  Extension,  and 
is  at  present  mined  by  the  \  ancouver-Nanaimo  Coal  Mining 
Company  at  East  Wellington  and  by  the  Canadian  Collieries 
(Dunsnniir)  Company  near  Extension.  The  Newcastle  and 
Douglas  seams  are  usually  worked  together  and  have  been 
mined  extensively  in  the  vicinity  of  Nanaimo.  The  mines 
there  are  operated  by  the  Western  Euel  Company.  There  has 
also  been  a  large  production  from  the  Douglas  seam  south  of 
Nanaimo,  notably  at  Chase  River,  Soulhfield,  and  ^outh 
Wellington.  There  is  oidy  one  mine  producing  at  present  in 
this  district,  namely  the  South  Wellington  colliery  operated 
by  t!ie  Pacific  Coast  Collieries.  Very  recently  the  Douglas 
seam  has  been  reached  by  two  new  shaft  mines— "by  the  Reserve 
mine  of  the  Western  Fuel  Company  on  the  Indian  Reservation 
near  the  mouth  of  the  Nanaimo  river,  at  1,0()4  feet,  ami  by  the 
MordcTi  mine  of  the  Pacific  Coast  Collieries  between  South 
Wellington  and  the  Nanaimo  rivor,  at  610  feet. 
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Coal  was  first  producpcl  from  the  Nanaimo  coal  field  in  lHr,2, 
the  produ'  on  before  the  close  uf  1S53  amounting  to  2,000  tons. 
Since  that  nmc  the  production  has  shown  a  continuous  although 
fluctuating  increase.  In  1S75,  the  annual  production  first 
passed  the  100,000  long  tons  mark,  and  in  I'JOO  a  luoduction  of 
over  1,000,009  tons  a  year  was  reached.  The  maximum  pro- 
duction was  attained  in  1011  when  it  amounted  to  1,1,S4,711) 
long  tons  valued  at  over  §4,000,000.  Fhis  amounts  to  more  than 
one-third  of  the  entire  production  of  British  Columbia,  which 
during  the  last  few  years  has  averaged  over  3,000,000  hmg  tons 
a  year,  although  during  1911  it  was  considerably  less  owing  to 
labour  troubles  in  the  East  Kootenay  district.  The  total 
production  of  the  field  to  December  31,  1012,  i?  apjiroximately 
24,500,000  long  tons,  about  three-fifths  of  tlie  total  coal  pro- 
duction of  British  Columbia. 

The  future  of  the  coal  industry  is  very  promising,  although 
thinner  and  deeper  coals  will  have  to  be  mined  in  the  near 
future.  As  already  stated,  two  new  shaft  mines  have  reached 
the  Douglas  .seam  in  depth.  Owing  to  the  great  variability 
of  the  seams  and  to  the  Lack  of  public  information,  no  figures 
can  be  given  for  the  actual  coal  reserve  at  Nanaimo.  But 
granting  a  moderate  extension  in  d(^pt4i  and  area,  the  probable 
reserve  of  the  Nanaimo  field,  including  the  .-^eams  of  1  fo.jt  or 
over  to  a  depth  of  4,000  feet,  is  conservatively  estimatid  as 
1,340,000,000  '  ms.     This  cMimate  is  based  on  the  assump- 

tion of  3  seam  total  average  thickness  of  10  feet,  and  a 

totftl  area,  large,  ,in  the  Nanaimo  map-area,  of  181  square 

miles,  none  of  tne  seams,  however,  extending  over  the  entire 
area,  and  of  1,000,000  tons  per  square  mile-foot. 


WELLINGTON   COAL  SEAM. 

DlSTRIBVnON    AM)    THICKNESS. 

The   Wellington  s-  which   as   stated   rests   on    the   East 

Wellington  sandstone  and  the  Extension  formation,  outcrops 
along  the  western  border  of  the  map-area.  It  is  well  developed 
in  the  northern  part  of  the  map-afe;i  in  the  vicinity  ol  East 
Wellington  where  the  seam  averages  3  to  G  feet  in  thickness 
and  consists  almost  entirely  of  clean  coal,  there  being  no  persistent 
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partiiiK-.     The  outerop  can  be  seen  in  the  northern  area  at 
only  one  pin.-.',  at  the  old  Jingle    I'ot    .-ioix'  to  the  northwest 
of   the    New    Hast    Weliinston    eollicry.     The    outcrop     ^ n-wh 
arouml  the  east   Hank  of   .Mt.    Henson,   iilthough  the  jwsition 
of  the  outcrop  and  the  character  of  the  seam  are  unknown  in  this 
vicinity.     F  .nher  south  the  outcrop  is  well  located  at  Ilarewood 
plains  -.vherc  there  are  three  or  four  old  slopes  on  the  seam. 
In   this  locality  the  .scam,  ulfiough   atlaiuinR   a   thickness  of 
10  feet,  "ontiiins  many  tiiick  partings  of  cariionuceous  or  coaly 
sihole  and  the  amount  of  clean  coal  in  places  is  less  than  a  foot. 
The  seam  outcrops  along  both  sides  of  the   E.xtension  valley 
in  the  limbs  of  tlu;  Extension  anticline,  and  the  seam  pitches 
below  the  lAtension  conglomerates,   at  the  southeast  end  of 
the  antidine  nearly  [\  miles  south  of  Nanaimo  river.     The  .seam 
i.s  exposed  at  a  few  places  along  both  sides  of  the  anticlinal  valley. 
It  averages  in  thickness  along  the  Extension  valley  from  fJ  to 
10  feet,    but   in   many    places,    especially   in   the   northeastern 
limb  of  the  anticline,  it  contains  thick  partings  of  carbonaceous 
shale   and    bony   coal.     The   southwest   limb   of   the   anticline 
is  broken  by  two  reversed  strike  faults  with  throws  of  .")()()  and 
150  feet  respectively.     The  seam  for  nearly  4  miles  outcrops 
a  few  yards  to  the  southwest  of  the  northeastern  and  larger  fault, 
in  the  upthrown  side.    Farther  southwest,  the  seam  outcrops  in 
the  northeastwar  "     pping  limb  of  the  shallow  synclinc  southwest 
of  the  faults.     The  seam  is  not  actually  exposed  until  it  crosses 
the  Nanaimo  river,  but  its  jjosition  has  been  fairly  well  deter- 
mined   by    underground    mining.     At    Nanaimo    river,    south 
of  Berkley  creek,  about  4  feet  of  clean  coal  is  exposed  for  a  dis- 
tance of  25  yards.     The  seam  also  outcroi)s  along  the  Nanaimo 
river  in  the  limbs  of  the  sharp  anticline  southeast  of  the  Extension 
anticline.     On  the  outcrop  of  the  southwest  limb  of  the  anticline 
is  an  old  prospect,  now  caved,  but  in  the  dump  are  fragments 
of  good  coal.     South  of  the  Nanaimo  river,  except  in  the  limbs 
of   the   Extension   anticline,    the   fa.-thcr   continuation   of  the 
seam  is  problematical,  but  liie  [josition  of  the  western  outcro)) 
of  the  horizon   has   been  fairly   well   determined.     Because  of 
the  thick  mantle  of  Colwood  sands  and  gravels  of  the  '''.naimo 
delta,  the  extent  of  the  anticline  southeast  of  the  Extension 
anticline,  and  the  position  of  the  outcrop  of  the  scam  horizon 
are  only  assumed.     Since  the  seam  is  so  well  developed  where 
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It  crossCM  tlio  Xaii.vnio  rivor,  both  at  its  ^v('^tf■rn  oiitcrof)  and 
in  the  nortiicastt-rn  limb  of  tlit"  Kxtrusion  antiilinc,  tho  vdiitin- 
uatiim  (if  the  seam  fur  some  distance  suuth  of  the  Nanainio 
river  is  very  probabh-.     South  of  Ilasiam  cre.'k  the  scam  iiorizon 
outcrops  in  the  valley  to  the  iiorthia-t  of  .Mf.  llaye>  ridf^e  in  thr 
northea>terly  and  steejily  (iipi)iiip;  monocline   of  tiiis  vicinity. 
The  scam  was  not  seen  by  the  writer,  init  coal  is  reported  to  hav, 
been  found  in  Bu-h  ereek,  where  crossed  by  the  outcop  of  th. 
scam   horizon.     The  eastward  extent  of  the  seam  i.  unknowi,. 
but  it  doubtless  extends  with  a  varialile  thi(kne>s  iieyond  th. 
outcrop  of  the  Newcastle  and  Doiiuias  seam  ,  at   n  depth  o; 
800  to  1,200  feet,  and  may  extend  c(insiderai,lv  farther. 


Stuictiuk. 

The  thickness  of  the  Wellington  .seam  varies  where  mined, 
from  virtually  nothing;  to  nearly  30  feet,  and  has  pcrhajjs 
an  average  thickness  of  4  to  7  ffct.  This  extreme  variation 
is  best  described  further  by  con.-idering  the  j,tructure  of  the  seam 
and  associated  measures. 

The  floor  of  the  .seam  is  virtually  always  the  firm,  but  thin 
bedded  to  flaggy,  East  Wellington  sandstone.  In  ], laces, 
there  are  lentils  of  shale  between  the  seam  and  tiie  floor,  and 
interbcds  of  shale  in  the  sandstone  floor.  Less  coninionly 
certain  beds  in  the  sandstone  are  pebbly  and  pass  into  conglomer- 
ate. The  roof,  on  tlu'  contrary,  varies  in  character.  .Most 
commonly  it  is  a  sandy  shale,  carbonaceous  and  even  c(Kily  in 
places.  It  varies  in  thickness  from  nothing  up  to  20  or  25 
feet,  and  near  East  Wellington  is  overlain  by  sandstone,  but  near 
Extension  by  the  typical  Extension  conglomerates.  Near 
Extension,  the  conglomerat*;  it>elf  is  in  many  places  the  roof 
of  the  seam.     In  a  few  places  the  roof  is  sandstr.ne. 

Near  East  W<'llington  the  seam  contains  no  per.-istent  partings. 
In  places,  usually  in  the  swells,  the  .seam  consists  entirely  of 
clean  coal  with  only  a  very  few  small  bony  lentils  or  jiarlings 
of  soft  <lirty  coal  or  "  rash  ",  an  inch  or  less  in  thickness  and  seldom 
of  a  lateral  extent  of  even  10  r-  If)  feet.  In  other  i)laccs,  usually 
in  the  pinches,  tho  seams  consist  entirely  of  rash.  Near 
Extension  the  more  umlisturbed  portions  of  the  Wellington 
seam  do  contain  more  or  less  persistent  partings.     There  the 
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seam  frequently  consists  of  three  lienches  of  coal  separated 
by  niHh  as  indicated  by  the  following  sections  (Figure  3).  Other 
portion-  of  the  seiim  sho-.v  the  three  benches  of  coal  separated 
not  only  by  rash,  but  also  by  thick  partings  of  shale  (Figure  A). 


Iff   fish 

I  ft  lOin  Coal 

lyt.  !in-  Coal 
in  ffmsh 

2ft. 4in  Coal 

Sindstrrtnf  floor 


Fis.  3.  Sections  of  tliu  '.Vo!lini?ton 
w:iin,  whoro  relatively  umlisturbofl. 
near  l-At<'usion. 


Conglomuratv  roof 
Sin   Conl 
Sin  Rash 

2  ft.  4,n.  Coal 
Iff.  Rxsh 


7ft  Sindy  sl„lc 


^■.-h' 


Sttndston*   floor 


Viii.     4.     Si'fti.m    nf    t(i,'    Wellington 
»':iin.  with  thick  hIj'.I''  piirtin(;. 


The  character  of  the  rash  is  indicated  by  the  following  jiroximate 
analysis  by  F.(;.  Wait  of  tlu;  Mines  Branch,  Dept.  of  Mines 
of  a  sample  of  rash  collected  by  the  writer  from  the  Wellington 
seam  at  Extension: — 

Moisture j  .gg 

Volatile  combustible 24-15 

Fixed  carbon 19-29 

Ash .'.■  54.97 


100-00 
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Other  impurities  hosidos  the  partings  and  the  dirty  broken 
coal  arc  of  litth>  consofiuence.  The  coal  contains  nicire  or  less 
pyrite,  especially  the  bony  coal  and  rash,  and  very  ttiin  veinlcts 
or  films  of  calritr  traversing  the  irregular  joints  of  the  coal 
are  numcn  us,  bi:t  probably  do  not  increase  the  ash  content 
greatly. 

The  most  conspicuotis  fi-ature  of  the  seam  ih  its  variability 
in  thickness  eansr-d  chiefiy   by  minor  faults,   folds,   or   bends 
usually  in  the  roof,  while  the  floor  is  fairly  regular  and  even, 
although  a  few  .sharp  rolls  do  occur  in  it.     These  features  are 
well  illustrated  at  East   Wellington  where  the  .seam  in  places 
pinches    gratlually    to    virtually    nothing    and    then    suddenly 
thickens  to  10  or  12  feet.     Although  the  floor  may  be  nearly 
smooth,  the  roof  in  passing  from  the  thin  to  thick  portion  of 
the  scam  rolls  sharply,  and  often  irregularly  upward.     In  some 
places  the  roof  is  even  t)verturned.  at  least  2.")  feet  in  one  place. 
These  sharp  rolls  are  locally  culled   "faults."      Invariably  at 
the  thin  places  or  "pinches"  the  coal  is  dirty  and  slickensided, 
while  in  the  thick  places,  or  "swells"  it  is  clean,  black  in  colour,' 
with  a  sub-brilliant  lustre,  and  broken  only  by  a  few  irregular 
joints.     Rash  is  usually  found  near  the  top  and  bottom  of  the 
swells,  and  only  rarely,  as  described,  in  thin,  non-persistent 
partings  near  the  centre.     In  some  i^laccs  the  coal  is  clean  and 
unfractured  against  the  .  pturned  roof,  but  more  commonly  it 
is  somewhat  slickensided  and  even  contorted.     The  roof  at  the 
rolls  is  always  cont(>rted  .-md  slickensided.     The  strike  of  the 
rolls  eorr(vsponds  with  the  strike  of  the  measures,  that  is  north- 
west to  west,  and  the  pinches  occur  in  the  northeast  or  north 
side  of  the  rolls,  with  the  corresponding  swells  on  the  opposite 
side.     Where  the  seam  is  overlapped,  the  overlap  is  to  the 
northeast  or  north. 

These  features  are  illust.-atcd  by  the  following  sections,  which 
are  drawn  to  scale  (Figure  5). 

Near  Extension,  although  the  seam  has  even  greater  extremes 
in  thickness,  from  5  feet  to  26  feet,  the  rolls  in  the  roof  are,  as 
a  rule,  not  so  abrupt,  although  a  few  abrupt  rolls  of  3  or  4  feet 
do  occur.  Instead,  at  the  bends  of  some  of  the  larger  folds 
affecting  the  entire  seam,  the  seam  pinches  and  is  in  places 
composed  almost  entirely  of  rash.  On  the  limbs  of  the  folds, 
53141—8 
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the  roof  rolls  gradually  and  irregularly  upward  forming  a  swell, 
where  the  seam  consists,  except  for  the  rash  at  the  top  and 
bottom  of  the  seam,  chiefly  of  clean,  bright,  irregularly,  but 


---~    >>•'*. 


5«a<»«an*     fit 
lOftut 


I-'it?.  5.     bfctions  of  tlie  \Vpllint!ton  stam.  near  Kast  Welliniitun.     (Where  seam  is 
represented  as  broker,  ita  position  is  inferred). 

not  greatly   fractured,    coal.     Thi.s   feature   i.s  shown   by   the 
following  sections  of  the  Wellington  seam  (Figure  6). 


V  H.\RACTEI{. 

The  coal  of  the  Wellington  seam  where  relatively  undisturbed 
\A  black  with  a  suh-t)rilliaiit  lustre.  In  places  it  is  finely  laminated 
or  bedded  and  in  other  places  it  is  massive,  the  finely  laminated 
coal  contaiiiiTig  tiny  lenses  of  hone.  The  coal  is  crossed  bv 
irregular  joints,  which  in  the  laminated  coal  are,  however,  nenily 
at  right  angles  to  the  bedding.  The  coal  is  fairly  hard  and 
strong,  breaks  with  a  hackly  fracture,  and  weathers  well.  In 
places  it  contains  some  pyrite  and  in  some  of  the  fractures  thin 
films  of  calcite.  In  places,  the  coal  is  contorted  and  brilliantly 
polished  along  slickensided  planes. 
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Fij^.  6.^   Section?'  of  tho  \Vcllinjxton  Roam.  no;ir  Exf('n><ion;    rthrmiriK  variation  in 


thickness  and  quality,     rfoitions"  1  ami  t  aru  20(i  feel  apart,  and  8ecti^>ri 
2  and  3  are  500  feet  apart . 
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As  is  shown  l>y  the  ••inalysos  Rivon  abovo,  thi>  W.'IliiiRton  roal 
is  a  rallicr  liigli  volatiio  l.ilauiinous  coal  and  doos  not  dilTcr 
etiscntialiy  in  fdniposition  from  tli.-  other  Nanainio  coals. 
However,  it  iippcars  from  the  tots  made  hy  Stansfield  antl 
Porter'  to  l,e  a  much  intter  coking  coal  than  the  Newcastle 
and  DouKla.s  coals.  At  present,  no  coke  is  made  from  it,  l.ut 
it  is  used  entirely  as  a  steam,  gas,  and  domestic  coal. 

NEWCASTLK   COAL  SEAM. 


DiSTKinUTIOM    .\ND    THICKNESS. 

The  Newcastle  coal  seam  occurs  between  the  Cranberry  and 
Newcastle  formations.  It  extentls  tlirough  the  west  central 
part  of  the  map-area,  with  a  general  N.  20°  W.  trend  from 
northern  Newcastle  island  to  south  of  Nanaimo  river.  It  is 
exposed  en  botii  sides  of  Newcastle  island  and  presumably 
extends  across  the  island.  It  outcrops  to  the  west  of  the  Brechin 
mine  on  Pimhury  point,  the  Rrechin  sjuift  sunk  to  the  se.im 
being  only  84  feet  deep.  In  this  vicinity  the  seam  averages 
from  30  to  !"  inches  thick  and  contains  one  or  more  fairly 
persistent  pr-  :  gs.  The  seam  is  doubtless  continuous  betwe-  i 
the  Brechin  mine  and  Nanaimo  altliough  the  outcrop  is  not 
exposed.  It  was  exposed  in  one  or  two  old  f?lopes  in  Ihe  city 
of  Nanaimo,  and  is  now  being  mined  in  depth,  where  the  seam 
averages  30  to  40  inches  in  thickness,  although  it  is  reported 
to  have  a  maximum  thickness  of  6  or  8  feet.  South  of  Nanaimo 
it  outcrops  for  l]  miles  in  the  Chase  River  valley  and  is 
exposed  in  a  few  prospect  slopes  and  in  the  Douglas"  slope  of 
the  Western  Fuel  Company.  The  seam  averages  about  6  or 
8  feet  thick,  but  contains  i-nly  from  2  to  4  feet  of  fairly  clean 
coal,  separated  by  partings  of  coaly  shale.  South  of  Chase 
River  the  scam  is  of  doubtful  commercial  quality,  but  is  well 
defined  ai-  far  as  South  Wellington  and  is  exposed  in  several 
prospect  slopes.  The  seam  varies  in  thickness  from  18  inches 
to  6  feet,  but  consists  chiefly  of  dirty  coal  and  thick  partings 
of  coaly  shale.  The  seam  is  not  exposed  between  South  Wel- 
lingt()n  and  the  Nanaimo   river,   and   its   character   and   the 
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position  of  its  out<n)p  arc  not  known.  South  of  tlir  N.-maimo 
river,  what  is  prolwl.ly  u  .'ontinuation  of  the  NCw.a^tlo  scani 
is  fxpuM.l  in  a  prospcit  slope  in  the  southwest  iinil)  of  tin- 
soiithcastwunl  piti'hiiiK  synciino  of  the  cn-MTnt-hapcd  ruosta 
i)«twc(  II  tlic  Ksqninialt  and  Nanainio  railway  and  the  llxtcn-ion 
colherios  railway.  The  sram  i.s  G  feet  tlii.k,  l.ut  it  ,„n.ists 
chiefly  of  Imny  coal  and  carbonaceous  shale,  witii  lentils  of  coal 
U])  to  10  inches  in  thickness.  South  of  the  expo-ure  the  farther 
continuation  of  the  seam  is  very  doubtful.  The  eastward 
extension  of  the  s.-ani  is  unknown.  It  has  bei'n  mined  by  the 
Western  Fuel  Company  near  Nanainio  for  over  a  mile  ofT 
shore  and  presumably  extends  much  farther.  Soidh  of  Cha-^e 
river,  where  the  seam  even  at  the  out- rop  is  thin  and  dirty, 
the  eastward  extension  is  problematical  and  is  probablv  not 
groat. 

SxurcTiRK. 

rVw  details  concerning  the  Newcastle  seam  can  be  given,  since 
it  was  not  seen  by  the  writer  where  it  is  mined.  Tl.e  average 
thicknes.s  of  the  seam  where  mined  is  from  ;5()  to  40  inches, 
with  extremes  of  20  inches  and  G  or  8  feet.  It  is,  therefore,' 
although  thinner,  much  more  regular  than  the  Wellington  or 
Douglas  seam.  Wnere  seen  on  the  surface  the  seam  contains 
more  numerous  and  more  regular  partings.  The  floor  of 
the  seam  is  usually  the  typical  dark  green,  thin  bedded,  llaggy 
or  shaly  sandstones  of  the  Cranberry  formation.  The  roof 
varies,  aicording  to  the  composition  of  the  Newca.stle  forma- 
tion, from  a  sandy  shale  to  sandstone,  grit,  or  even  fine 
conglomerate.  The  former  predominates  in  the  vicinity  of 
Newcastle  island,  Chase  river,  and  South  Wellington,  antl  the 
latter  in  Nanaimo  and  near  the  Nanaimo  river. 


Character. 

To  judge  from  the  few  available  analyses,  especially  that  by 
Stansfield  of  the  commercial  coal,  the  Newcastle  coal  wliife 
not  ditfering  in  any  pronounced  degrei'  from  the  Wellington 
and  Douglas  coals,  being  a  high  volatile  bituminous  coal, 
appears  to  be  low(>r  in  fixed  carbon  and  actual  carbon  content, 
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and  hightT  in  oxyfjfii  and  .-ish.     N»itfi<r  does  the  coal  appear 
to  coke  readily.     It  is  u>ed  u.s  u  steam  eoal. 


DOUdLAS   COAL  SEAM. 

DibTRIBUTION     AND     TlIICKNKSS. 

The  Douglas  eoal  seam  occurs  in  tlu!  Nev.ca.-tle  formatio!!, 
as  stilted,  aliDiit  25  to  100  I'eet  aliove  the  Newcastle  s'-ani, 
so  that  its  outcrop  occurs  from  100  to  1,000  feet  tu  'lie  e;  i 
of  the  Ne\v*astle  .scam  dependent  upon  tin;  chararter  dl'  the 
topography  and  the  angle  of  dip.  It  extends  from  iinrthem 
Newcastle  island  to  south  of  Nanaimo  river,  and  may  extend 
as  far  .^outh  as  I.adj-smith.  It  is  exjioscd  in  au  old  ^loj)e  (Fit/.- 
william  mine)  on  the  west  side  of  Ne\vcasflt>  island,  and  is 
reported  to  lie  exposed  on  the  northeast  shore  of  the  'sland. 
It  outcrops  at  the  15reehin  mine,  where  there  is  a  slope  on  the 
seam,  and  although  not  exposed  it  doubtle-^s  exlends  without 
a  break  to  Nanaimo.  The  .seam  is  not  at  present  mined  ne;ir 
th(!  isurface  in  thi;  vicinity  of  northern  Newi'astle  inland  and 
the  Brechin  mine,  hut  the  workings  of  the  No.  1  and  I'rot'  ction 
mines  extend  in  depth  below  Newcastle  island.  The  thiekne.-s 
prisumably  averages  about  the  same  as  farther  south,  aliout 
r>  feet.  Near  Nanaimo  there  are  several  old  slopes  on  the  xmui, 
none  of  them  open  at  present,  and  one  or  two  actual  exposures 
of  the  seam.  Near  the  outero])  the  seam  is  not  mcrt  than  1 
or  5  feet  thick,  but  in  many  places  in  depth  it  atT  Jns  a  thickne-s 
of  more  than  10  feel,  although  there  are  corresponding  thin 
places  in  the  seam,  riouth  of  Nanaimo  it>  positicm  can  be 
accurately  located  by  old  stopcs  and  a  few  expo-uics,  as  far 
as  South  Wellington.  At  South  Wellington  there  are  .-^evenil 
slopes  and  airways  in  tne  seam  ajid  tlui'  i  an.  exposure  halt 
a  mile  south  of  South  Wellington,  near  the  railway  of  the 
Pacific  Coast  Collieries.  Near  Chctse  Kiver  and  South  Welliiigtoti 
the  seam  averages  about  5  feet  in  thickness,  but  varies  in  thick- 
ness from  virtually  nothing  to  ever  30  feet.  On  the  south 
bank  of  the  Nanaimo  river  the  .  .am  is  well  developed  and  is 
exposed  in  a  prospect  pit  on  the  outcrop.  It  is  8  feet  thick  and 
consists   chiefly   of   fairly   eiean   coal,    with    lens-like   partings 
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of  soft  dirty  coul  ami  m)I11('  lioiiy  I'oal.  Farthc:  lutli  tlir  -lani 
is  not  t."X|)osed,  but  in  Bush  crefk,  mar  the  hridtii'  of  the  lixton- 
sion  c'olli(.'rifs  railway,  is  ;m  outcMp  of  coaly  .shale  with  coal 
lentils  at  tli<"  proliable  iio-itiou  of  the  outcrop  of  tin-  Mam, 
so  that  the  t'xten.sion  of  the  scam  south  of  the  N.iiiainio  river 
is  assumed,  althouRh  in  the  southern  part  it  may  he  of  no  cum- 
mcrcial  value.  The  scam  extends  eastward  from  its  outi  ii»]i  for 
t>t  It.'ast  l-j  mil>-s  and  presumably  eonsidera<jly  raori'.  With 
the  Newca.-tlo  -cam  it  has  been  mined  ne.ir  Nanainu)  for 
over  a  mile  from  shore,  and  farther  .■^outh  it  has  been  loiated 
by  several  bore-holes,  near  the  lower  part  of  the  Xtuiaimo 
river,  and,  as  htatod,  ha.s  been  reached  recently  in  thi- 
vicinity  by  two  s-haft  mines. 


Structiuk. 


The  flo(jr  ami  roof  of  the  Douglas  >eam  vary  in  character 
from  grit  or  fine  conglomerate,  as  at  Nanauno,  to  sandy  shale 
as  in  places  near  north'  n  Newca-tle  i-lantl  and  SouthWellington. 
Near  .South  Wellington  the  floctr  is  usuallj'  a  rather  weak  >andy 
shale,  and  the  roof,  although  stronger,  varies  from  a  >anily 
shale  to  .a  fine  grained  conglonierate  with  fragments  of  oalx 
material  and  irregular  thin  jurtings  of  >lickensided,  coaly  .-hale. 
The  roof  consist.s  chiefly  of  a  slialy  taiidstone  with  sandstone 
laj'ers  and  lenses  of  line  grained  conglomerate.  The  .-eam  vanes 
greatly  in  thickness  from  nothing  to  AO  feet,  and  averag"s  about 
5  feet,  although  over  Inrire  areas  the  average  thickne-^  oi  tin- 
nuneabl<>  coal  is  '■]  .uid  1  feet.  I'nlike  the  eoiiditiotis  in  the 
Wellington  seam  th.'  pinclu's  and  swells  are  causcil  d.ietly 
l>v  irregularities  in  the  floor,  the  roof  being  fairly  -iTiooth. 
Neither  are  the  rolls  in  the  floor  so  abrujit  as  tho-i'  in  the  roof 
of  the  Wellington  seam.  In  some  iilaccs  the  floor  rolls  up 
n(>arly  to  the  roof  and  in  other  places  rolls  rather  abruptly 
downward.  The  strike  of  the  rolls  corresponds  'n  general  with 
the  strike  of  the  measures,  that  is  aiiout  N.:^(f  W.,  but  varies 
con.siderably,  and  the  rolls  are  not  so  long  or  ^n  regul.sr  as  thos. 
of  the  W(>!lington  seam.  The  abrupt  side  of  the  up-rolls  i 
usually  to  the  southwest,  and  of  the  down-rolls  to  the 
northeast. 
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These  foiiturcs  are  illustriitcd  by  the  following  seotions,  which 
are  drawn  to  scale  (Figure  7). 

At  the  pinches  the  se:im  is  composed  almost  entirely  of  rash 
like  that  of  the  Wellington  seam,  although  as  a  rule  the  rash  is 
harder.  The  coal  of  the  swells  is  clean,  with  a  compact  texture 
and  rather  dull  to  sub-hrilliant  lustre.  It  is  irregularly  broken 
into  large  irregularly  shaped  blocks.    Near  the  pinches  some  of 
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Tin.  7.     Sodions  cif  ()ic  Doujjl.is  scum,  .slioainj;  riilln. 

the  coal  is  slickcnsided  and  contorted,  but  where  these  features 
are  shown  the  coal  contains  a  rather  large  amount  of  jish.  The 
lloor  is  almost  invariably  sheared  and  slickcnsided  at  the  rolls 
and  in  plac(-s  the  roof  is  likc\  -ise.  The  seam  both  in  t  lie  pinches 
or  swells,  or  even  where  it  is  relatively  undisturbed,  contains 
no  regular  or  very  j)ersistent  i)artings,  but  there  are  thick 
partings  or  "wants"  of  carbonaceous  and  coaly  .shale,  which 
hi  places  entirely  replace  the  seam,  but  which  pinrh  rapidly 
in  all  directions  (see  Figure  8). 
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Tlif  scam  is  jilso  displaciHl  l)y  rather 
numerous  small  faults,  although  an  actual 
break  seldom  occurs,  the  coal  having  been 
forced  along  the  plane  or  zone  of  disloca- 
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tion  (see  Figure  0).  More  rarely  the  entire 
seam  folds  or  wrinkles  without  any  appreci- 
able variation  in  thickness  (see  Fifjure  10). 
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li-.  10.     Siiiill  foM  or  wrinlili'  iiitlio 


AVlicre  the  rolls,  pinches,  faults,  and 
wrinkles  orcur  at  comparatively  shallow 
deptiis,  Ihcir  presence  is  usually  indicaled 
on  the  surface  by  a  small  cuesta-like 
ridfjc,  witii  a  stcc])  front  slo]);'  at  rijihl 
angles  to  the  beddinj;;,  and  a  gentle  back 
sloiH'  nearly  i)arallel  to  the  bedding. 
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Character. 


The  Douglas  coal  is  black  with  a  sub-bril'iant  to  brilliant 
lustre.  It  is  massive  and  broken  by  i.  regular  joints  producing 
an  irregular  hackly  fracture.  It  is  fairly  hard  and  weathers 
well.  Ah  in  the  Wellington  coal,  thin  films  of  calcite  occur  on 
some  of  the  fractures.  In  places  where  the  coal  has  been 
sheared  it  develops  highly  polished,  very  irregular,  slickenssided 
surfaces,  between  which  the  coal  has  a  rather  dull  to  sub- 
brilliant  lustre.  E.\cept  where  it  is  dirty  and  contains  a  rather 
large  amount  of  ash,  it  is  rarely  contorted. 

The  Douglas  coal  is  a  high  volatile  bituminous  coal,  and  as 
may  be  seen  from  the  analj'ses,  is  very  similar  to  the  Wellington 
coal.  From  the  analyses  it  appears  as  if  the  coal  from  South- 
field  and  South  Wellington  was  higher  in  fixed  carbon  and 
lower  in  ash  than  that  from  near  Nanaimo  and  it  also  appears 
to  coke  more  readily.  At  present,  the  Douglas  coal  is  used  as 
a  steam,  gas,  and  domestic  coal. 


OllIGIN   AND   GEOLOGICAL   HISTORY. 

Little  is  known  concerning  the  actual  origin  of  the  coal 
.-eanih,  but  since  the  coal  measures  were  deposited  under  rapidly 
varying  marine  and  terrestrial  conditions,  and  since  the  seams 
re.-t  indiscriminately  on  sandstone,  shale,  and  even  conglomerate, 
there  seldom  being  any  under  clay  and  very  few  fossil  roots, 
it  is  not  probable  that  the  coal  is  the  result  of  accumulation 
of  vegetable  matter  in  large,  coastal  plain  swamps,  with  standing 
timber  and  lu.xuriant  undergrowth.  It  is  more  probable  that 
the  vegetable  matter  accumulated  in  peat  bogs,  which  may 
have  been  formed  in  lagoons  protected  from  the  outer,  marine 
basin,  by  1  ay  bars.  It  is  probable,  therefore,  that  the  seams 
do  not  extend  indefinitely  to  the  northeast,  below  the  Strait  of 
Georgia,  but  are  confined  to  a  greater  or  less  extent  to  the 
neighbourhood  of  the  old  shore  of  pre-Upper  Cretaceous  seas. 
Since  the  seams,  espt^cially  where  undisturbed,  are  dirty,  the 
dirty  coal  alternating  with  clean  coal,  and  in  places  are  composed 
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entirely  of  dirty  coal  or  carbonaceous  slialc,  silt  must  have  been 
deposited  in  the  bogs  with  the  peat,  in  sufficient  amount  in 
places  to  form  some  of  the  "wants"  of  the  present  seams. 


As  described  under  the  structural  geology  of  the  Nanaimo 
series,  the  measures  were  deformed  by  forces  actiiiu;  from  tlie 
northeast.  Local  deformation  occurred  while  ;it  least  some 
of  the  measures  were  unconsolidated,  but  the  larger  movem<'nts 
did  not  take  place  fo-  long  period  after  the  deposition  had 
ceased.  It  appears  t.  ''o  local  deformation  caused  some 
of  the  minor  disturba...  ^he  coal  seams;  for  it  looks  as  if, 

when  the  seams  were  f.r^.  icd,  the  clean  coal  was  softer 
and  more  plastic  than  the  dirty  coal  or  rash.  It  was,  therefore, 
squeezed  away  from  the  tight  bends,  where  there  was  an  increase 
of  vertical  pressure,  to  the  limbs  of  the  bends  or  rolls,  where 
there  was  a  corresponding  decrease  in  vertical  pressure.  Thus 
swells  were  formed,  which  consist,  except  for  the  rash  at  the 
top  and  bottom,  chiefly  of  clean  coal,  while  the  pinches  were 
left,  composed  almost  entirely  of  rash.  Since  i  is  the  sandy 
shale  roof  of  the  Wellington  seam  and  the  relatively  weak 
sandy  shale  floor  of  the  Douglas  seam  that  are  deformed,  it 
appears  as  if  the  relative  strength  of  the  roof  and  floor  det<T- 
mined  in  general  the  relative  amount  of  deformation  in  each. 
It  is  pos.sible  that  original  or  initial  irregularities  in  the  .^eams 
determined  the  location  of  the  minor  disturbajices.  The  lat<'r 
and  larger  movements  produced  the  large  open  folds  and 
faults  in  v/hich  the  seams  are  involved  and  presumably  causeil 
the  minor  faulting  and  wrinkling  of  the  seams.  These  move- 
ments necessitated  lateral  adjustment  by  the  sliding  <jf  one 
bed  upon  another;  and  it  is  jirobable  that  much  of  t!ie  lateral 
adjustment  took  place  by  sliding  along  the  coal  seams,'  and 
caused  some  of  the  slickensiding  and  contortion  of  the  coal  as 
well  as  of  the  roof  and  floor. 

Minor  disturbances  or  local  variations  or  interruptions  of 
coal  scams  similar  to  those  described  as  affecting  the  seams  of 
Nanaimo  field,  are  rather  common  and  have  been  described 


'  S«!,  Bftilov  Willi.".  .Some  Coal  I'iflds  ot  Putot  Soun.l    Isih.  Ann.  1,.  it.  Part  III,  1897.  U.  S- 
Geol,  Survey,  pp.  4U8-408. 
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by  various  writers.'  They  appear  to  have  been  formed  in  several 
different  ways— by  irregularities  in  deposition,  by  contempor- 
aneous or  later  erosion,  but,  as  in  the  Nanaimo  field,  chiefly 
by  some  kind  of  deformation.  They  are  not  only  of  ."scientific 
interest  but  of  great  commercial  interest  as  well,  for,  as  has 
already  been  jiointed  out,-  "the  constantly  recurring  industrial 
disputes  owe  their  origin,  in  no  small  measure,  to  the  difliculties 
experienced  in  framing  satisfactory  agreements  for  the  "working 
of  deficiency  places"  where  the  miner  cannot  under  ordinary 
circumstances,  make  what  he  considers  a  fair  living  wage." 

DESCRIPTION   OF  MINPJS. 

There  are  four  operating  companies  in  the  Nanaimo  coal 
field— the  Western  Fuel  Company,  Canadian  Collieries  (Duns- 
muir)  Company,  Pac:  ie  Coast  Collieries,  and  Vancouver- 
Nanaimo  Coal  Mining  •  ompany. 


Vancouvkr-Nanmmo  Co.\l  Mining  Company. 

The  Vancouver-Nanaimo  Coal  Mining  Company  operates 
the  New  East  Wellington  colliery  at  East  Wellington.  The 
mine,  opened  in  1907,  is  located  on  the  Wellington  seam.  The 
seam  is  reached  tlirough  a  slope  or  rather  an  inclined  shaft, 
paralleling  an  old  slope  driven  in  the  Little  Wellington  seam. 
The  Wellington  scam  in  the  mine  is  fairly  even,  with  a  low  dip 
5  to  10  degrees  to  the  northeast,  but  to  the  sou1hw(-st  the 
seam  is  faulted  in  a  series  of  steps,  and  outcrops  at  the  surface 
to  the  southwest  of  the  surface  plant  with  a  steep  dip  to  the 
northeast.  The  mine  is  worked  on  the  pillar  and  stall  method, 
the  pillars  being  drawn  ami  the  roof  supported  by  cogs.  There 
has  been  a  little  long  wall  mining,  but  the  method  is  not  adaptable 

>  The  folloninir  referi'nci"'  civn  thi'  fuilo^t  Ircatmpnts  t>f  the  suhjoct. 
Hain.  II    [■",— •■Oni!in  of  nrt.iin  Foiilurej  of  Co:il  li^iaini;"  Juurnal  ul  (;«)logv,  Vol.  3,   1S95.  nn 
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Colli.r.  A.J.  — -rhi-  Ark:m.«us  Co-il  Fii-lils:  "  Dull.  320,  US.  C.m\.  Surv,,  1907,  pp.  4S-49. 
Urualoy,  W.  S,,— "Chiy-voiM  Vertically  Inlersocliin  Coiil  .Measurea."  Bull.  Geol.  Soc.  Am  .  Vol  9 

lis*-,  pp.  M-.W, 
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tji'ol.  Survi'\-,  pp.    410-412. 
Wo<j|i;oiiuli,  W.  (J. -"Stone    Ki,.|i3   in    lialh  Coal  .So:im  ol  .New  .South  Wales:"    Jour    Uov    Soo 
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'  Wixilrioui-.li,  W'.Ci.,  "Stone  Itolls"  in  ilio  Bulli  Coal  Seam  in  New  South  Wales.    Jour.  lioy. 
.So  .  N,^.  \\ule.i,  \'oI.  44,  I'Jlf>,  p.  334. 
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owing  to  the  great  variation  in  thiiknoss  of  the  seam,  which 
has  already  been  described.  The  coal  is  ur.uercut  where  possible 
but  is  chiefly  shot  from  the  solid.  Horses  and  winches  are  used 
for  hauling  in  the  mine.  Since  the  roof  is  rather  weak,  the  mine 
is  well  timbered,  and,  as  stated,  when  the  piUars  are  drawn 
the  roof  is  supported  by  cogging.  The  mine  is  ventilated  by 
a  fan  and  the  ventilation  is  good,  there  being  virtually  no  gas. 
The  output  for  the  mine  in  1911  was  72,918  long  tons. 

Canadian  Collieriks  (Dunsmuir)  Company. 

In  the  Nanaimo  field  the  Canadian  Collieries  (Dunsmuir) 
Company  operates  the  Extension  collieries  opened  up  in  1899 
and  formerly  worked  by  the  Wellington  Collieries  Company. 
The  Extension  collieries  consist  of  four  mines,  all  on  the  Welling- 
ton seam.  Mines  Nos.  1,  2,  and  3  are  situated  in  the  southwest 
Hi  vi^  of  the  Extension  anticline  and  mine  No.  4  in  the  northeast 
limb,  the  mine  being  situated  about  1^  miles  .--outheast  of  the 
entrance  to  the  adit  or  "tunnel"  to  the  other  three  mines, 
in  the  town  of  Extension.  The  seam  in  mines  Xos.  1,  2,  and  3 
is  broken  by  a  reversed  strike  fault  of  about  500  feet  displace- 
ment. Mine  No.  1  is  situated  in  the  northeast,  downthrown 
side  of  the  fault  and  mines  Nos.  2  and  3  are  in  the  southwest 
upthrown  side.  The  mines  are  at  present  reached  by  an  adit, 
or  as  it  is  called  a  "tunnel"  about  a  mile  long,  which  cro.sses 
the  southwestward  dipping  seam  in  the  downthrown  side  of 
the  fault,  and  the  fault,  to  the  southwestward  dipping  seam 
in  the  upthrown  side.  No.  2  mine  is  situated  to  the  southeast 
of  the  end  of  the  tunnel  and  No.  3  mine  to  the  northwest. 
Both  portions  of  the  faulted  seam  extend  to  the  surface  and 
the  slopes  of  No.  2  and  No.  3  mines  are  kept  open  and  used  for 
airways  and  roadways  (See  Plate  III  B).  In  the  downthrown 
side,  the  seam  dips  to  the  southwest  at  .ingles  varying  from  5 
to  20  degrees,  although  near  the  fault  it  wrinkles  and  in  places 
turns  up  against  the  fault  zone.  In  other  places  it  seems  to 
dip  under  the  fault,  which  as  described'  appears  in  places  to 
have  a  low  dip  to  the  southwest  and  to  be  of  the  nature  of  an 
overthrust.  In  the  upthrown  side  the  seam  has  been  folded 
into  a  broad  syndine  or  shallow  b.nsin,  which  in  its  northern  part, 
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in  No.  3  mine,  is  broken  by  a  reversed  strike  fault  of  a  displace- 
ment from  nothing  to  about  150  feet,'  the  displacement  increas- 
ing to  the  northwest. 

The  mine  is  worked  chiefly  by  the  pillar  and  stall  method, 
the  pillars  being  drawn.  In  places  in  No.  2  mine  where  the  roof  is 
conglomerate,  the  seam  is  mined  by  the  long  wall  method.  Tiie 
coal  is  mined  by  hand  and  by  various  systems,  depending  ui)on 
the  thici  riess  and  character  of  the  seam.  Mules  and  winches 
are  used  to  haul  the  coal  to  the  collecting  roads.  It  is  then  taken 
to  the  surface  through  the  tunnel  by  electric  locomotivc>. 
Since  in  most  places  the  roof  is  sandy  shale  the  mine  is  well  tim- 
bered, and  when  the  pillars  are  drawn  the  roof  is  supported  by 
cogging.     Each  mine  is  well  ventilated  by  a  separate  fan  system. 

At  No.  4  mine  the  seam,  which  is  reached  by  a  shaft  280 
feet  deep,  dips  to  the  northeast  at  an  angle  of  about  15  degrees, 
outcropping  about  1,000  feet  to  the  southwest  of  the  shaft. 
The  mine  is  worked  by  the  pillar  and  stall  method.  The  mine 
is  timbered  and  cogged  and  ventilated  through  a  separate 
shaft  southwest  of  the  main  shaft.  The  output  from  all  of 
the  Extension  mines  in  1911  was  331,576  long  tons. 

Western  Fuel  Comp.^ny. 


The  Western  Fuel  Company  operate  t  .vo  collieries  in  the  Xan- 
aimo  field,  the  Nanaimo  and  theNorthfield  or  Brechin  collieries, 
As  already  mentioned  the  company  have  recently  opened  up  a 
new  shaft  mine  on  the  Indian  Reserve  at  the  mouth  of  the  Nan- 
aimo  river,  and  a  slope,  iibandoned  during  1912,  in  the  New- 
castle seam,  outcropping  in  the  valley  of  Chase  river.  The 
following  description  of  the  mines,  which  were  not  examined  by 
tlie  writer,  is  largely  condensed  from  T.  C.  Denis'  description  in 
the  Coals  of  Canada,  Pub.  No.  83,  Vol.  I,  Part  II,  pp.  112-13, 
Dept.  of  Mines,  Mines  Branch,  1912,  and  from  Inspector  T)iomas 
Morgan's  report  for  1911,  Minister  of  Mines,  B.C.,  pp.  K  224  to 
K  230. 

At  the  Nanaimo  colliery  the  Douglas  and  Newcastle  seams  are 
mined.  The  seams  arc  reached  through  the  No.  1  shaft  (Esplan- 
ade) near  the  shore  in  the  southern  part  of  the  city  of  Nanaimo, 

'  Tiic  structure  through  the  mines  is  shown  in  structure  soclion  A.B. 
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6'*0  feet  to  the  Douglas  seam  and  700  feet  to  the  Newcastle,  and 
by  the  Protection  Ishind  shaft  on  the  southern  point  on  Pro- 
tection island,  about  588  feet  to  the  Douglas  seura  and  atjout 
652  feet  to  the  Newcastle.  The  underground  workings,  which 
extend  below  Nanaimo  harbour  and  the  Nanaimo  River  delta, 
are  very  extensive,  and  from  face  to  face  on  oiiposito  sides  of 
the  mine  is  over  5  miles.'  The  general  dip  of  the  scams  is 
about  10  degrees  to  the  east.  The  Newcastle  seam  is  worked 
by  the  long  wall  method,  the  coal  being  undercut  by  machines, 
and  the  Douglas  seam  is  worked  by  the  pillar  and  stall  method, 
and  as  a  rule,  all  the  coal  is  removed  where  the  cover  exceeds 
.")00  feet.'  The  underground  haulage  is  partly  by  electric 
locomotives  and  partly  by  endless  rope,  to  the  bottom  of  No.  1 
shaft.  The  mine  is  ventilated  by  fans,  most  of  the  air  going  down 
the  Protection  shaft  and  returning  through  the  No.  1  shaft. 
The  total  production  of  this  colliery  in  1911  was  411,009  long 
tons. 

At  the  Brechin  mine  situated  on  Pimbury  point  (see  Plate 
XII  A),  the  coal  mined  at  present  is  all  from  the  Newcastle  seam, 
although  the  workings  connect  with  the  Douglas  seam.  Th(^ 
seam  is  reached  by  a  slope  and  by  a  shaft  84  feet  deep,'  and 
the  workings  extend  below  Newcastle  island.  The  general  dip 
of  the  seams  is  about  5  degrees  to  the  southeast  but  turns  to 
the  eastward  in  depth  and  increases  slightly.  The  mining  is  by 
the  long  wall  method  and  undercutting  machines  are  used. 
Haulage  is  by  endless  rope  to  the  bottom  of  the  shaft,  ^'he 
ventilation  is  by  fan,  the  downcast  shaft  being  on  Newcastle 
island.     The  output  of  the  mine  for  1911  was  161,852  long  tons. 

Pacific  Coast  Collieries. 

The  Pacific  Coast  Collieries  I'-ho  took  over  the  property  of 
the  Pacific  Coast  Coal  Mines  in  1912,  operate  in  the  Nanaimo 
field  the  Fiddick  or  South  Wellington  colliery  at  ^outh  Welling- 
ton (see  Plate  XII  B)  and  have  recently  opened  up  a  now  shaft 
mine  610  feet  deep,  at  Morden.  about  a  mile  east  of  South 
Wellington.     The  South  Wellington  colliery  is  located  on  the 

'  lleport  Miniatorof  Mines,  BC.  1111.  p.  K  22l). 

'  Doni.',  T.  C,  Coiils  of  Canadii.  Pub.  No.  13,  Vol.  1,  Part  II,  Mines  Branch,  Dcpt.  o(  Minos. 
1912,  p    112. 

'  Denis,  T.C.,  Coals  of  Canada,  Pub.  No  S3,  Vol  I,  Pun  II.  Minoi  Branch,  Dcpt.  of  Mines, 
iei2,  p.  113. 
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DourUvs  seam  and  is  operated  through  two  slopes  in  the  Hcara. 
The  seam  has  a  general  dip  of  .ibout  10  degrees  to  the  northeast, 
although  the  seam  is  involved  in  several  minor  rolls,  and  as 
described  is  sul.ject  to  great  variation  in  thickness  by  the  irregu- 
larities of  the  floor  The  coal  is  mined  by  the  pillar  and  stall 
method,  and  where  the  coal  is  thinner  and  of  fairly  uniform 
thickness  it  is  worked  by  a  modified  long  wall  method.  Ihe 
coal  is  shot  from  the  solid.  In  -lie  mine  the  coal  is  handled  by 
electric  winches  and  horses.  The  roof  has  to  be  well  timbered 
and  where  the  pillars  are  drawn  and  where  the  long  v/all  method 
is  employed,  has  to  be  supported  by  cogging.  The  mine  is 
ventilated  by  a  fan.  The  production  in  101?  was  205,043  long 
tons. 

SANDS  AND  GRAVELS. 

The  Colwood  sands  and  gravels  forming  the  Nanaimo  delta, 
furnish  an  abundant  supply  of  sand  and  gravel.  Except  m  a 
very  limited  way  these  have  been  quarried  only  near  the  Esqui- 
malt  and  Nanaimo  railway,  a  mile  and  a  half  south  of  South 
Wellington,  and  near  the  railway  to  the  Extension  collieries, 
half  a  mile  south  of  Nanaimo  river  (see  Plate  XI  A)  for  filling 
and  grading  purposes  on  the  railways.  The  deposits  could  be 
used  for  all  other  purposes  to  which  sand  and  gravel  may  be 
put.  But  although  they  could  be  quarried  cheaply  they  are 
not  favourably  situated  for  cheap  water  transportation  to  the 
city  of  Vancouver,  the    chief  market  at  present  fo--      nd  and 

gravel. 

Some  of  the  sands  and  gravels  in  the  upper  po  -n  of  the 
Puyallup  interglacial  deposits  have  been  quarrica  in  a  small 
way  near  Departure  bay  and  west  of  Nanaimo,  for  road  and  rail- 
way ballast  and  for  other  purposes. 

CLAY. 

The  cLv  of  the  superficial  deposits  of  the  Nanaimo  map- 
area  are  as  ..  rule  very  sandy,  weak,  and  of  poor  plasticity  and 
have  been  utilized  only  to  a  small  extent  for  the  manufacture 
of  common  brick.     Some  brick  has  been  manufactured  from 
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the  clays  of  tlio  Puyallup  intiTglarial  deposits  undt'ilyiiif;  the 
marshy  Hut  bonliTinR  the  Milistoiif  river  midway  in  its  eourse, 
but  at  present  no  briek  is  made.  Th<ie  are  other  localities 
where  common  l)ri<k  could  be  made  from  the  clays  not  only 
from  the  Puyallup  deposits  but  from  the  Colwood  sand-  and 
gravels,  but,  as  .stated,  by  far  the  greater  number  of  the  surface 
days  are  sandy  and  non-plastic,  and  would  make  a  weak  brick 
of  inftrior  grade. 

The   various  shales   of   the  Nanaimo  series,  notably  those  of 
Haslam,  Cedar  District,  and  Northumberland  formation-,  ar»  also 
.sources  of  shale-day,  which  may  be  used  for  jjrick  anil  various 
kinds  of  semi-porous  ware  and  stoneware.     The  greater  jjortion 
of   the   shales  are  very   sandy    and   of    very    low  plasticity. 
Also  they  contain  numerous  interbeds  of  sandstones,  as  well  as 
sandstone  concretions  and  sandstone  dykes   (see   Plate   \'II). 
The  sh.iles  al^o  contain  too  large  a  percentage  of  iron,  lime, 
and  alkalies  to  be  considered  fireclays,  as  they  are  sometimes 
called.      In   fact,   Professor  H.   Ries'  reports   that   the   shales 
tested  from  the  Nanaimo  series  are  not  very  refractory,  as  the 
Haslam  shale  from  East  Wellington  softens  at  cone  1  (2102°  F., 
1150'  C.)  while  the  lower  shale  of  the  Northumberland  forma- 
tionfrom  Gabriola  island  vitrifies  at  cone  3  (2174°  F.,  1190°  C.). 
Certain  portions  of  the  Haslam  shales,  notably  at  an  horizon 
about  100  feet  below  the  top,  some  of  the  lower  shales  of  the 
Northumberland  formation,  and  to  a  less  extent  some  of  the 
Cedar  District  shales,  are  comparatively  plastic  and  may  be 
used  in  a  stiff  mud  auger  machine  or  dry-press  for  the  manu- 
facture of  brick,  tile,  and  cheaper  grades  of  stoneware.     With 
the  exception  of  thin  local  beds,  the  shales  of  the  other  horizons 
arc  very  sandy  and  impure  and  may  be  left  out  of  consideration. 
One  of  the  local  shale  beds  associated  with  the  Wellington  coal 
seam  was  mined  to  a  small  extent  in  the  Extension  collieries. 
It  was  used   by   the  British  Columbia  Pottery   Company,  to 
increase  the   refractoriness    of   the  surface   days  quarried  near 
the  plant  in  Victoria  west,  where  sewerpipe  and  similar  war(\s 
are  manufactured.     At  present  there  is  no  shale  mined  in  the 
Extension    collieries.      None    of  the  other  shales   were    being 
utilized   at  the   time  of    the    writer's    examination    in     1911, 

•  Persona!  communica'ion. 
53141—9 


122 

although  in  1-:  -t  WVHinKton,  just  to  Uu-  w.-t  of  the 
Nanaimo  ..ap-  --.  th-  shah-  from  th.  upp-r  port.on 
of  the  H.-Um,  f  n;  -m  had  been  test..!,  an.i  the  produ.t^  of 
L  te«t  were  a.r-  ■  Uy  of  good  «rado.  In  UH'  ho.ever^ 
brick  ^vas  man-fa'  •  I  in  East  Welhngt.m  Iron-  the  Ha4  m 
shale,  am!  on  a.-.  .  islan.l,  near  Fal-.  narrows,  from  .he 
lower  shah-     "    '•    :"..'i;:Uinberland  formation. 


STONE. 
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,    tiie   DeCourcy,  uudthedabriola. 
.  ud-  been  quarri<'<l  on  Ntwcastle  islaial, 

unt  h  I    luairied  in  the  city  of  Nanainio, 

n  Tu-'  >  urn-  ,  ay's  wharf,  but  the  latter  quarry 
has  b:.;n'aband.ned  for  so,ne  time.     The  Newcastle  Island 
quarry  (see  P-ate  VIA)  is  Miuated  on  the  we^t  shore  of  the 
?lnd  opp<-lt.-  Pin.bury  poinu     A  .ingle  bed  of  a  uniform  and 
ther   fiie  grained  sand.t.>ne.   about    16  feet  tln.k    str.kmg 
N    lo"  W.,  and  dipping  ."^^  N.E.,  has  supphe<l  most  ot  the 
sandstone  which  has  been  c.uarried.     It   is  grey.sh  white   on 
fresh  fractu...  but  weathers  qui.-kly  to  a  dirty  or  browmsh  grej . 
It  is  .-oraposed  of  angular  grains  of  quartz  and  clea:-  or  wh.t. 
weathere<l  feldspar,  shreds  of  biotite  and  sot,,.;  o    mu-ov.te 
and  a  few  green  and  r.-l  grains  seen  microscopically  to  consist 
"f   epidote  and   cherty   or  jaspery  rocks.     Ihe   s.^ds  one    s 
chiefly  cemented  by  secondary  silica  and  is  rath.  >  fr.ab h^     It 
is  not  regularly  or  greatly  jointed,   an.l   irregular  bocks   as 
large  as  4  feet  bv  6  feet  by  3  feet  have  bee,,  quarried.     However, 
the  sandstone  :.an  be  easily  cut  to  any  .i.ialkr  required  s.ze 
Sandstone  for  building  stone  has  been  the  only  product.     The 
quarry  has  not  been  in  operation  for  i  few  years. 

The  DeCourcv  sandstone  has  been  quarrio.l  at  Ja- k  point 
east  of  Nanaimo.  It  has  been  obtained  froin  two  bed>  lo  and 
30  feet  in  thickness,  separated  by  about  5  feet  of  sandy  shale 
'and Mly  sandstone,  and  even  the  thick  beds  of  -dstone 
contain  shalv  sandstone  partings  (see  Plat-  Mb),  int 
sandstone  is  medium  to  coarse  grained,  light  greenish  grey  on 
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fresh  fracture,  y)ut  weathering  to  buff.  It  is  composed  of  angular 
to  rounded  grains  of  quartz,  feldspar,  and  mcta-andesite,  and 
flakes  of  hiotite  and  muscovite,  in  a  greenish  matrix  consisting 
chiefly  of  chlorite.  On  microscopic  examination,  it  is  seen  to 
contain  accessory  epidote,  magnetite,  and  titaTiite.  The 
cement  is  siliceous  and  ferruginous.  The  fresh  rock  is  strong, 
although  rather  soft,  but  hardens  with  reasoning.  Tlie  bedding 
is  regular,  N.  30°  W.,  2.')°  N .  E.,  but  the  cross  joints  are  irregular. 
The  joints  are  few,  and  large  blocks  can  be  (piarried.  Building 
stone  has  been  the  only  product.  The  quarry  was  not  in 
operation  during  li)ll. 

The  (tabriola  sandstone  is  quarried  at  North  Gabriola  on 
Cabriola  island  (see  Plate  XIII).  The  stone  is  obtained  from 
a  25  to  40  foot  bed  of  sandstone,  near  the  base  of  the  tlabriola 
formation,  whose  attitude  at  the  quarries  is  about  N.  2n°  W., 
18°  N.E.  The  sandstone  is  light  greenish  grey,  weathering  to 
a  darker  and  more  brownish  grey,  medium  to  coarse  grained, 
and  composed  of  angular  grains  of  quartz,  feldsi)ar,  and  meta- 
andesite,  and  flakes  of  biotite  with  accessory  mu.scovite,  epidote, 
and  magnetic '•,  in  a  greenish  matrix  composed  largely  of  chlorite 
and  serpentina  The  cement  is  chiefly  calcite,  which  is  present 
in  large  aomunt.  The  sf,  Istone  contains  many  concretions 
up  to  3  feet  in  diameter,  and  these  are  the  most  harmful  feature 
of  the  stone.  The  stone  is  strong  and  hard  ns  with  asoning. 
There  is  no  regular  system  of  jointing,  but  large  blocks  may  be 
obtained.  Stone  for  l)uildings  and  foundations  has  been  the 
only  product.  None  of  the  quarries  have  been  in  operation  for 
a  few  years. 

Up  to  the  present  time  there  has  been  no  commercial 
production  of  crushed  stone  from  the  Nanaimo  map-area.  The 
rocks  of  the  Nanaimo  series  are  of  little  value  as  sources  of 
crushed  stone,  but  the  less  altered  and  less  sheared  of  the  Van- 
couver volcanics  afford  a  material  of  fair  grade.  Stone  of  this 
quality  conveniently  situated  for  shipping  is  to  be  found  north 
of  Departure  bay. 

LIME. 

The  impure  limestones  or  calcarenites  of  the  Haslam  formation 
which  are  exposed  on  the  north  shore  of  Departure  bay,  have  been 
53141— 9i 
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oDcned  up  by  a  te.t  quarry  to  obtain  material  to  be  burned 
?orHme  However,  it  may  be  seen  from  the  analy.s  o  the  rock 
Riven  below,  that  the  percentage  of  lime  is  too  small  and  the 
Lount  of  insoluble  material  too  large  for  the  njek  to  b  .ed 
for  lime.  Also,  since  the  mipunties  mixed  with  the  calcium 
iTrbonate  eonsi'st  of  fine  quart,  sand  ^;'^-^P-'  -^natral 
the  rock  is  not  suitable  for  the  manufacture  of  either  natural 

or  Portland  cement. 

Partial   analysis  of  impure  limestone  from   Departure    bay, 

H.  A.  Leverin,  analyst. 

Insol.  mineral  matter ^^r  ±n 

Ferric  oxide  and  alumina •'■•*" 

- .      ,  ...   42-41 

Yr      -r ■■      0-94 

Magnesia' 

Ti^ulent  to  calcium  carbonate  7.^73  and  ma«n«mm  carbonate  1  9«, 

METALLIC   DEPOSITS. 

The  Vancouver  meta-volcani.s  of  the  Nanaimo  mai>-area 
are  greatly  fractured  and  sheared,  and  many  of  the  shear  zones 
are  impregnate.!  with  a  little  pyrite  and  ehalcopynte.  One 
or  twrproTpects  have  been  located  in  these  mmeralized  shear 
LcrbuUhe  resulting  mineral  bodies  are  too  small  and  irregular 
and  too  low  grade  to  be  of  any  commercial  value. 

The  gabbro-diorite  and  Saar^di  granod.onte  of  Mt.  H^y^-^[^ 
traversed  by  aplite  and  quart,  veins  and  by  shear  zones.  Both 
JiXof  veins  and  some  of  the  shear  zones  are  mineralized, 
u'apHt,  veins  and  the  shear  zones  very  sp.aringly,  and  only 
::;;ht-te,  ^t  a  quartz  vein  on  the  Thistle  chum  con  ani 
chalcopyrite  and  bornite  in  attractive  amounts.  ^ ^;  P™^^^* 
•idits   in   aplite   veins   in    gabbro-d.onte,    about    hal     a    mile 

'   VnortL  from  the  summit  of  Mt.  Hayes,  failetUo  shc^morc 

than  traces  of  pvrite  and  chalcopyrite  m  the  aphte,  although, 

one  ix  stance' -some  faulting  has  f  1  en  pla..- forming  a  gouge 

p  to  3  inches  thick  al.mg  one  side  of  the  vc.n.     Another  pn,spet^t 
on  the  north  bank  of  «ush  creek  on  the  northeast  slope  of  the  Mt^ 

Have'    idge.  over  a  mile  south  of  east  of  the  summit,  is  located 

n  a  large  hidusion  of  gabbro-diorite  in  the  8aan.ch  g-nod.orrte 

The  inclusion  has  been  greatly  sheared,  forming  a  shear  zone 


f  ^.. 


■saEisTm.:£l?:sjsHm'    '  iiiwiiini  ii      ii  i'mii  ^ s5:i:y>jib 


125 

5  to  20  feet  wide,  striking  about  N.  35°  W.  ami  dipping  55°  S.W., 
and  the  rock  has  been  partly  altered  to  chlorite.  It  is  also 
slightly  mineralized  with  pyrite  and  chalcopyrite. 

On  the  Thistle  claim  located  about  a  mile  north  of  east 
of  the  summit  of  Mt.  Haj-es,  is  a  prospect  in  a  quartz  vein, 
in  the  Saanich  granodiorite,  that  carries  bornite  and  chalcopy- 
rite. The  development  work  consists  of  two  adits,  one  25  feet 
above  the  other,  each  with  a  short  level  and  with  a  sf  ope  connect- 
ing them.  The  vein  has  a  strike  about  N.  45°  W.,  with  a  dip 
of  30°  S.  W.  It  has  a  thickness  of  2  inches  to  1  foot,  with 
an  average  thickness  of  about  4  inches,  and  can  be  traced  for 
about  100  fret  in  length.  It  then  branches  and  thins  out  to 
nothing.  The  vein  apparently  follows  the  chief  or  master 
jointing  of  the  granodiorite,  in  places  separated  from  the  wall 
rock  by  a  thin  gouge,  and  along  the  foot-wall  is  an  aplite  dyke 
3  to  5  inches  wide.  The  granodiorite  of  the  foot-wall,  near 
the  aplite  dyke,  is  fractured  and  somewhat  sheared,  cut  by 
quartz-epidote  and  sericite  veinlets,  and  sparingly  mineralized, 
but  is  only  slightly  more  altered  than  the  normal  granodiorite, 
which  forms  the  hanging  wall. 

The  vein  is  coarselj-  crystalline  and  consists  chiefly  of  quartz 
irregularly  intergrown  with  opaque,  white  weathering  feld.spar, 
and  some  green  biotite  in  irregular  patches  and  veinlets.  The 
metallic  minerals  consist  chiefly  of  chalcopvTite,  bornite,  and 
molybdenite,  and  form  perhaps  10  per  cent  of  the  vciiirock. 
The  molybdenite  occurs  nearest  the  walls,  but,  in  general, 
the  vein  is  massive  and  the  minerals  are  irregularly  intergnnvn, 
although  the  metallic  minerals  seem  to  have  been  formed  some- 
what later  than  the  non-metallic. 

Microscopically,  the  vein  is  seen  to  be  aplitic  in  nature,  the 
quartz,  which  greatly  predominates,  forming  interlocking 
nnhedral  grains,  that  are  in  places  microgr.aphically  intergrown 
with  the  feldspar,  which  consists  of  microcline  and  microper- 
thite.  The  non-metallic  accessories  consist  of  bit)tite  and  titanite; 
and  sericite  and  epidote  occurring  in  the  cracks  of  the  quartz 
grains  are  secondary. 

The  close  relationship  of  the  vein  and  the  aplite  dyke,  and  the 
comparative  freshness  of  the  granodiorite  walls  indicate  that 
the  vein  was  formed  at  high  temperature  and  pressure,  and  prob- 
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ably  under  magmatic  conditions  during  the  "after  effects" 
-  f  the  granodiorite  intrus^ion.  The  metallic  minerals  in  the 
vein  have  undergone  virtually  no  enrichment  and  hut  very 
flight  oxidation  or  other  change. 

Commercially  the  vein,  as  h:is  been  shown  by  systematic 
and  careful  prospecting,  is  too  small  and  too  low  grade  to  be 
profitably  mined. 

SOILS. 

The  soils  of  the  Nanaimo  map-area  are  virtually  all  transported 
or  drift  soils  and  consist  of  a  mixture  of  the  superficial  deposits 
with  decayed  vegetable  and  animal  matter,  called  humus. 
Consequently  their  character  at  any  locality  is  directly  dependent 
upon  the  immediately  underlying  superficial  deposit,  being  sandy 
or  pebblv  where  underlain  by  sa;..lo  or  gravels,  and  clayey 
where  rnderlain  by  clays.  Thus  the  general  character  of  the 
soils  and  their  d-ribution  is  approximately  .shown  on  the 
accompanying  map  of  the  superficial  deposits. 

The  soils  foriTJ'd  from  the  Puyallup  interglacial  deposits 
range  from  fertih-,  fine  sandy  loams  to  dry,  coarse  sandy  loams, 
which  cannot  hold  much  water  and  are  subject  to  great  changes 
of  temperature  and  consequently  are  of  poor  fertility.  The 
former  soils  occur  where  the  subsoil  is  sandy  or  fine  clayey 
.sand.  They  are  most  common  below  elevations  of  200  or  250 
feet,  especially  in  the  valley  extending  from  the  mouth  of  the 
Nanaimo  river  to  Ladysmiih  (Oyster)  harbour.  The  latter 
soils  are  found  where  the  subsoil  is  coarse  sand  or  gravel. 

The  Vashon  drift  forms  chiefly  a  rather  coarse,  sandy  loam, 
with  a  considerable  proportion  of  clpy  and  also  numerous  pebbles 
and  boulders.  The  soil  is  fertile  and  supports  a  thick  forest 
growth  and  heavy  underbrush.  The  forest  has  not  yet  been 
cleared  to  any  great  extent  nor  has  much  land  been  prepared  for 
cultivation  on  account  of  the  numerous  pebbles  and  boulders 
and  becau.se  the  country  underlain  by  the  Vashon  drift  is  hilly. 
The  Colwood  sands  ami  gravels  of  the  Nanaimo  c'elta  usually 
have  a  surface  covering  of  coarse  gravel,  and  consequently  their 
soil  covering  is  thin  and  consists  of  a  gravelly,  porous  loam  that 
is  comparatively  sterile.  Although  the  soil  supports  a  fairly 
heavy  forest    growth,  it   does  not  support  very  much  under- 
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brush.  The  country  underlain  by  the  Nanaimo  delta  is,  there- 
fore, more  open  than  most  of  the  lowland  of  V^ancouver  island. 
Much  of  the  forest  has  been  cut  for  timber,  but  little  of  the  land 
is  under  (;ultivation.  In  a  few  places,  however,  where  the  sub- 
soil is  one  of  the  sandy  clays  of  the  delta  or  where  the  delta 
deposits  are  covered  by  fine  silt,  presumably  deposited  in  shallow 
lake^  that  formed  on  the  surface  of  tiie  delta  or  in  the  sluggish 
.stream.s  which  crossed  the  ilelta,  the  soil  is  of  much  greater 
fertility,  but  since  the  subsoil  is  underlain  by  sands  and  gravels, 
it  is  apt  to  be  dry. 

The  swamp,  valley,  and  delta  alluvium  supports  in  its  natural 
condition  a  hea\'j'  growth  of  swamp  vegetation  and  coarse  grass, 
and  where  cleared  and  drained  is  productive,  but  is  apt  to 
become  dry  and  light  during  the  summer  months. 

The  areas  mnpped  as  rock  outcrops  or  rock  debris  support  a 
fairly  heavj'  forest  growth,  and  in  places  even  considerable 
undergrowth.  The  trees  and  underbrush  find  a  hold  in  the 
crevices  of  the  rocks  and  between  the  rock  fragments,  and 
derive  part  of  their  nourishment  from  the  thin  mantle  of  drift 
covering  the  rock  outcrops  or  mingled  with  the  rock  debris. 
Such  areas  are,  of  course,  entirely  unsuited  for  agriculture  of  any 
kind  and  should  be  reserved  for  the  growth  of  forest  trees. 
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LIST  OF  RECENT  REPORTS  OF  GEOLOGICAL  SURVEY- 

Sinro  1910,  reports  issued  by  the  Ck'olopical  Survey  have 
been  called  ineinoirs  and  hii\e  been  numbered  Memoir  1  Memoir 
2,  ete.  Owinti;  tu  delays  ineidental  to  the  publishing  of  reports 
and  their  uceompanyinjc  maps,  not  all  of  the  reports  have  been 
called  mimoirs,  and  the  memoirs  have  not  been  issued  in  U\o 
order  of  their  assipied  numbers,  and,  therefore,  the  following 
list  lias  been  prepared  to  iHevent  any  miseoiHvi)tions  urisimi 
on  this  account.  The  titles  of  all  other  important  publicatioi.^ 
of  the  Geological  Survey  arc  incorporated  in  this  list. 
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II 
Memoirs  and   Reports  Published  During  1910 

REPORTS. 

Rcptirt  on  a  KmrluKiral  reronnaiss.inre  of  the  reeion  tmvppifd  by  tlio  National 
Traniiontimntiil  Milway  Ijetween  hukti  Nipii!un  ami  Clay  lake,  Ont. — by  W.  H. 
Colliiix.     No.  lO.Vl. 

•{•port  on  till'  tri'ologiral  position  and  charactcristios  of  I'o  oil-shale  deposits 
of  C;iT«i(la-l)y  K.  U.  Ells.     N...  11117. 

A  ri  «*ntin;iis-*:irHi'  u'Toss  the  Markrn/ic  t[iount;iins  on  the  IN-Ily,  Ross,  and  Gravel 
rivers,  Vuk^iian.l  N'lrlli  \V,->t  'rirrilories     by  .lii-iph  Kcclc.     No.     1U97. 

Suiiuiiary    li>|itiri   fur  llio  calendar  year  IM'J.     No.   1120. 

Mi:M(>iKs-(n:uLot;irAL  sehie.s. 

Mkm.jih  1.     All.  /,  (Inliqiral    Srni<.     (ieulcl^'y    oi    tl.o    Nipigon    basin,    Ontario — 

by  Alirv,l  \V.  (i.  WiLson. 
Mevihh  i".     .V«.  a,  (n  "I'tii.ciil  S>  ni   .     (ii(ii-ij;y  anfl  ore  dep<isits  t>f  Ilo'iloy  Mii;inK 

ili-i  rici,  liritish  ( 'oluii.l.i:i     by  (  li^irl.'s  ('aiii.--cll. 
Memoik  ,'!.     ;Vu.  .?,  <i'.  .'/'i7;r,i(    .N'<ri.<.     riila'nnis.jil    lislies   from    the   Albert   thales 

of  .New  Brunswick — l)y  l,a»i'  lie  M.  I.anibe. 
ME.MOIR  ,5.     A'o.  4,  ftffh'ijiriit  St-nrs.     I*r»-liti.ii!ary  n.erimir  i>n  thi'  Lewes  an<l  \or- 

deiiskioid  Rivers  coal  di't  rii*.  ^' 11  knn  Teiritcry-    by  1).  I).  ( 'airnes. 
Memoir  6.     No.  5,  (nuUiaiciil    Sint-i.    (;eiil..;;y   of    the    I.'uliburtun   and    HaniToft 

areas,   I'rovinee  of  Ontario— by  Frank  D.  Adams  and  Alfred  E. 

Harlow. 
MtMoin  7.     A'o.  6', '/"./'if/'cif   Sitirx.    titolo^jy  of   St.    Bruno  mountain,   Pitivince 

of  tjuebee— by  Jolin  A.  Ure.sser. 

.MEMOIRS— TOroORArriirAIi   SERIES. 

MEHoin  11.     So.  I,  Tup'igraphiod    Sini-s.    Tnanculation    and    spirit    levelling   of 
Vancouver  island,  H  '.'.  1900-  by  R.  11.  Chapman. 

Memoirs  and   Reports   Published   During   1911. 

HF.I'ORTS. 

Report  on  a  traverse  thnmali  Ihi'  southern  part  of  the  North  West  Territories, 
inmi  l,ac  S.'iil  to  Cat  like,    in    I'.tir.'  -by  Alfn-.l  \V.  (i.  Wilson.     No.  KHW. 

Re|)iirt  oil  a  part  oi  the  .N",,rtii  \Vc..t  i"irri'...:i.'s  .Iraini'il  by  ilie  Wini^k  and  I'pper 
Att,'iwapi:-kai  river^-bv  \V.  Mclnie--.     .Nf.  Iiim). 

iieiKirt  cm  the  t.'eol.))jy  ui  a'l  area  adjouiiiu  ilie  east  side  of  Lake  Timifkuiiiing 
—  by  .\Ioiley  E.  Wil-on         No.  HUH. 

.■^uiiuiiary    Retxirl  for  the  cal'.'ml.ir  jc.ir  I'.IIU.     No.   1170. 

MEM01U,S-<;E<)L()(.l<V\f,   ^KlilEH. 

Meuciiii  4.     A'o.  7,  (!i''l':!  '■  II    .'^'  r. .-.     (;e.,ln;i.  il    1  ec. /tiiiai' >  anee  alonn  the   line  of 

the    ,\;iti,in;d    Tr.an.seontinetit.il     railw.av    in  western    Quebei:  -  by 

\V..I.  Uil...n. 
Mf.moih  «.     Xo.H.    (!,.,l,«in;il    •S.ri,.',.       Thi'    Jdmonion    c.al    Held,    Allieria     by 

1).  U.  li.iwIiiiK. 
Mem.iih  0.     S.I.  :>.  (/.„/. -71. ■,l/.^.,...     Hi-lu.racoalb.isin,  Alberta     by  (;.S,  Mallo,'!,. 
MuMuiii  JO.   So.  I'l.  iiiiii<'U.citt   .N/,  y.     ,\n    i!i~iriiMiental   survey   nf   th"  s'nore-lincs 

of  the  estinct  lakes  Ali;on(|uin  .in  I  NIpi--^inf:  in  .-.oulhwcplern  <  tntario 

-  b,-  .1.  W.  (i.ildihwait. 
Memoih   12.  No.  II .  <!iol,ii;>r.il    .s',r,/v,     Iii~<iis    from    the    Ti  rl  iary    lake    dep<,-it3 

of   thi>  siiiiihern  iiiii'riur  of   Hrilish   ('uhiiiibi.i,  cullected    by    Mr. 

I.awren.-.-  M.  Lambe   in  I'.IIMV    by  .Xnlori  lbihdlir>ch, 
Mkmoih  I.").  A'o.  ),'.  ff'i../i/[/ii'.i(  ,>.n.,.     On  .i    Ticiiton  Eihiiioclerm  faunti  at    Kirk- 
field.  (Intario-  by  I'rank  S|irlii:"  r. 
MEMom  Itl,  No.  /',  Cr.il.uiu-al  SiTi,  1.     The  i  lay  and  shaje  ileposils  of  Nova  Scotia 

and  portions  of  New  Brunswick— by  lleinrieb  Rioa,  osaiated  by 

Jowpli  Keele. 


Ill 


MEMOIRS— BIOLOGICAL  SERIES. 

HlHOIR  14.  No.  1,  BiuliKjiml  S.rirH.      New  ppcrirs  of  iihclh  collfrtpil  by  Mr.  John 
Macuun  :ii   Hiiiklry  sound,    Vani-nijvcr    iilanil,   lirili.-h  Coluiubia 

-  by   Willium    H.    l).\\\   :in<i   Vm\   li:.r.  .^.ii. 

Memoirs  and   Reports   Published   During   1912. 

KKI'dUrs. 
Surnmury    Rc[x)rt   for  tlsp  r:ilrn.l:ir  y.-.\r   I'Jll.     No.    I.MS. 

MKMuiits-  (jKoLocic.vi,  s!;rji;.s. 

Memoir  n.  .V«.  fl,  r/.  .,■;;.'■;(    .S.r,.>.     SoutLc  rn    Vu:,.  ou-' f    >.-l;tn<l- by     Cluirli'f. 

11.(1.1, .p. 
Memoir  L'I.  .Vu.  ;  T,  (;,,./..;/ r.i/  Sirtr>-.     The  nolo'jy  am!   ore  <!iT>o-its  of    Pijosnif, 

M>.umhir:.- ili^T''!.  Kriii-h  f 'o'mnMa     liv  i ».  K.  I.t-Koi-. 
Memoir  24.  So.    I'i.  (,. .,/.  ,;„-.i/  .-.r.    .     rnlirri.i.nry   nix  rt  o.i   !!.(■  rliiy   iir..!  ^^^!o 

(Ic-i-ii.-.  of  till-  ivi.-!iin  i.ro\ii:.c.— 1  J    ll.ii.rirl,    Kii's'nml   .lo.-cph 

1\' '  \r. 
Memoir  27.  .Vo.  ;?,  (■'..■/"r/irif   i<iru«.     Report    of   i!:i'   Con  iri-.- Ion    itppoiiitwl    to 

i-ivi^titMlc  'I'urili'  ii.ounlaiii.  I'r.uik,  .Mbi  r  ,,  l!)l  I. 
Memo.r  2S.  A'.«.  ;«.'/.., A,,/., -i/    .s,,-„-.     ■r!,f,    ^.,...!:,_.y    of    Sii-prork     lake.     Ontario 

-  by    .\:iiln'W   ('.    I„',\i-fiii.     Noii-,-.  on   f<»  i!<   fir. to    liincj-tonc    of 
Stuuprork  kike.  Dftario— by  ('l...ile.-.  \i.  Wakolt. 

Memoirs   and    Reports    Publislied    During    1913. 

UKi-oins,  i:tc. 

Museum  Biillc'tin  \o.  I;  eontain-  ai  .iilc-.  No^..  .  to  12  of  tlio  fleolociia!  Series 
of  Museum  Hilletiri-.  niiieie,-  N.  .s  1  to  :i  uf  tlu  Hiolwn.'o  Serii .-  of  Museum  iiullaniu, 
and  'utiele   No.   1  of  ;!ie  Antliropolocii  ai  S.ries  o'   Mwseum   liulleiin-'. 

(juide  Hook  \o.  1  Ksieui-ioiij  in  ea.slern  (Juebeu  and  toe  Maritime  rruviiices, 
parts  I  an.l  2. 

Ouide  Hook  No.  2.  K\cur-ionb  in  tiic  Kastern  Townships  of  (Juel)ee  iiid  tbj 
ea.slern  part  of  'diiaiio. 

(iuide  Hook  No.  :i.     i:\eursions  in  tl»'  neiuddioiirhno  i  of  Montreal  iind  Ottawa. 

Guile  Hook    N'o.  4.     I.'vcur-ion=i  in  -ouiliwe-leni  dnlario. 

Gu'  ie  Hook  No.  it.  l,xe.;r.sion-,  in  ll.i;  wrstern  peiiin.-ula  of  Ontario  a.id  Mani- 
touliii  i-!-  nd. 

(;:.ii!e  Hook  No.  .K.  T  iron'o  to  Vi.'ioria  I'.nd  return  tin  C'uiiadi.an  I'.aeifie  nnd 
Can'Mian    Noilliern    railways,    parts    I,    2.  ard    ",. 

Guide  Hool.  No.  f(.  Toionio  1-.  \  ie-  .-la  .-III  I  r.'.ur,  f  (  f 'anadian  I'i;cif;e,  GraM 
Trunk    PaeiJic.  aivl    N.ition.al   '1  ran  eoruir;!  atnl    i-;ilwa'.s. 

Gii' !e  HiH>k  No.  ri.  lAiur-ioi.s  jn  nont.ein  Hnli.sd  {'i.liimbia  and  Yukon 
Tt-rritorj  and  aioiin  the  Noj    li  J'aiilu  (oa.-t. 

Mi:\i(>ii;s— t;i:of,t)(;ic.vi,  si;iin:.-!. 

Memoir  17.   Xo.  S'^.  <!.,,/. ,, /-.ml    S.ny.     Geoloixy    an!    peonomie    resourees    of    tho 

Ijinler  Lake  di-1rii  t,  (int.,  anrl  adioinini;  port  ions  of  I'ontiae  eountyi 

(One.     by  Moil,-y  J).  Uil.son. 
Memoir  IS.  .Ve.  ;.'/,  (;,,./..,/aMf    .S.rii!.-.     l.atliurtit     .'iiitrict.    .New    l!ruii.swi(dc- by 

G.  A.  \  ..uiitT. 
Memoir  20.  Ao.  .t,,  (,\nl,.!/,,iil  Srrii:^.     I  ieolo(.'\- anil  mineral  depocilM  of  the  Tuhviiu  eu 

distriet.  H.C.-by  r.  Cuiiisell. 
Memoir  29.  Xo.  .$S.  (.'i^lmpnil    .v. -» ■■.     Oil    .and    ena   Tjro.spcet.s   of    tbo   rortbwesi, 

provinei':.  of  Caaada-  by  W.  .Malii.im. 
Memoiii  ,'il.   .Vo.  i»'i,  r;,,,/,»//oi/    .S,ra..-.     Wlieaton    district,     Yukon    Tirritory-by 

I).  I>.  ( 'airne.s. 
MtMoiR  li:).   Xo.flil,  (;,')hvic,d  Srrii.t.     Tlie  t.-e-,lo,'y  of  GowRantla  Mining  divi.sion 

-  by  W.  H.  f\,llins. 

ME.MOIR  3.').   Xn.  S!l.  ([■'•It'fi'ritl  S-ri,^.     Reeonnaissanee  ftlon«  tlie    National   Truns- 

eontinenial    raiiwa\'  in  sotjt  I  t  rn  t.=u(  bee-  bv  .lohn  .\.  lJre^-»  r. 
Memoir  37.  Xo.  e!.  a,.,l,.ji,„l  Sm,s.     I'orli.mM  of  .-Vtlm  diMiiet,  U.C-  'ly  D.  T). 

("(limes. 
MluoiR  38.   Xo.SI,  <;e,il,>()iral  Serie.i.     fleolojty  of  tlip  North  Amoriran  Cordillera 

at  the  forty-ninth  parallel,  Parta  1  aad  II— by  Rct;inald  Aldwortb 

Daly. 


IV 

Memoirs  and   Reports   Published   During   1914. 

HEPORTS,  ETC. 

Rummary  Rt'pi.rt  f.)r  the  cdlrndar  year  1912.     N'o.   130.^. 
Tlic  iirittin  of  irninitc  i!iiirr<>[X'ginutitej  in  the  I'urccll  Kills.     Goolugical  Series 
No.  Hi,  Mu.-iiiiii  Bulletin  No.  ". 


Ml.^EUM   Gl'IOE    BOOKS. 

Tlii^  «!(<h!W)l()i;i<"il  collwlion   fri>m   tlio  noutliern  inlirior  of  British  Columbui 
—by  Harlan  I.  S-'inith.     .No.  1290. 

MKMOIHS-  r.EOLOGir.\I.   SERIK.S. 

UEuotit  23.  A'./.  .??,  (7. .)/.'£;iiv.;  ^VnV-.     Crtiloiry  of  tho  i-oa«t  and  i.-l:inf|s  hofwocn 

tl.'    .■•ri:iil   of  <ii'orfi:i  ami  (Jurin    Cliurloiti-    ^louncJ,   U.C— by  J. 

.^ust'  II  ll;inrr(tf; . 
Memoir  2.^.  <V".  tl.  (/•.     ■;<il  Strin.     Report  on  the  rlay  anfl   stialp  di-posits  of 

till    ui    :    in  prin  inr<;rt   (I'art   11 1  -  liv     lli'inrich    Hic.i  and  .foscph 

K 

Mbmoik  so.  f>n.  ;  I.  (.'ii<?'.:;ir(i/  >'rn>..    Tl.r  hiL^ins  of  Nil.--on  and  Cliiirchill    riven 

--liv  \\  iliiaiii  Mrlnncs. 
MKnotH  21.  .Vo.  it.  'Ci'.l.'xiicil  .-,  rii,.«.     Ciold  lii'lil..  i.f  Nova  Sr.ili.i-  by  \V.  M.ilcolm. 
HKMOtii  30.  Ko.^1,1^'    '"i/.i't  Sirie^.     Ci^-'lniry  of  the  Victoria  .ind  Sa.'inii'h  inap- 

;iii  1   ,  \iiii.  ciivir  i.-.lanil,  B.C.— by  t '.  li.  ( 'lupp. 
Mkmiiik  62.   -Vo.  ;-',  ■.^"(.■ilni/    S,r„'.     (.(.i.loj-iral    notes    to    ii.eotnpanv    ii:ap    of 

r-i:i.  ;j   liiver  :-.\~  and  oil  liel  I.  .Vll.er'a     by    1 1.   It.    Howling. 
Mr M  Pill  43.    \o.  M:,  (,■■•!  I'jf'xl  .s.  r,,  .-.     ,St.  Hi' lire    ilJelciill  and  KuU)<«tnnnt  inoun- 

tiiir.i,  t.'ueb.  f     by  .1.  .!.  i  I'N.-il 
Ueuoik  44    A'.)  -^7.  (.V<i/..;i'v:/  .^'-e   .    (  l.iv  ai..!  .<b:>le  ile|xi.  its  of  New  Brun.swick 

-    by.).  Kfle 

Mi.M')iu.<  .wTiiiioi'oi.odK  Ai.  .-rmrs. 


fcUiioiR  4S.   .Vii.  t.  Ani'i-nr^il'V"'  ■'>rrii:f. 
of    wiulltea 'ieni    t  ^Ilt.■^fi^>■ 


l!^e  niytb<  and   tales  of  the  Ojibvira 
iillee'wl    by    I'aul    Rudin. 


Mf-moirs    in    Press,    June    25,    1914 

Memoir  4f'    A'o.  ?;. '.'•.("i;.™/   .S.ne.v.    The   ,\reha>an  )ie.,lony   of   Rainy   lake— by 

.Xndrew  ( ".  I.Htt'son. 
Memoih  32,    v.. .  f ;,<.■.../.■;;!■ :/    .S.ri.<.     Toriions    of    Vuiiland    ranal    and    Skecna 

Mi;:i:iii  liiii  i,.ns,  Hkeeiia  di^triet.  B.( '.     by   R.  (1.  MeConnell. 
Uemoii'   19.  .V(/   ?';.  (/1.././VU1/  <■'!-.    <.e-.loirvof  Mother  Ijodi   and  Sun.«et  niinca, 

r.oun.i:ir.\-.ii.-!.i.-t,  B.<'      b.vo.  1;.  I.i-Roy. 
MeMoiH  t2.   \o.  f.    '/.../of/i/.i/  .'-Tl,   ,     I'lelitiaiiary  re|iort   on  the  serpentines  and 

li--^  ■liatetl  roek. .  in  .southern  (^lueliee-    by  J,  -A.  Dresr^cT. 
Memoii:  30.  A".  .1.1. '.•••'.f/ii'i/    .^<ri«...     Keuimaiiiii    Ijike    iiiap-.area,    Quebec — by 

M,  K.  \\il-..i.. 
Memoik  41.   .".«.  .IV.  (,',,. /.i/ici/    .SVii(.«.     T:  e    "Kern    Ledircs"    ( 'arboniferoCB    flora 

of  .Si.  .lohii.  .New  Brun-iwi  k     by  Marie  i  '    .Sto|H'S. 
Mem. IB  4".   .Vo.  .f'.  (o.i/.'Ui  ;/    Srriis.     t'iay    and    -hale    i!e|i.,,sil»   of    the    wcsterii 

provin.es.  I'art  111     by  Heinrieh  Ities. 
Memo!!.  .51,   Ae.  4.'.  ','... /,..;ii-.i/    .^.-ros.     (Jc^loKy    of    the    Nan.aiino    niai>-arpa-by 

C.  II    Chipp. 
MktMOlii  W.  ffo.      ,  (j'..,>:,jifiil    S/TLH.     Coal    fields    of    Manitoba,    .'^.a.skatchewan. 

Alberta,  an. I    eikstern    Biiti.sh    ('oluiubiii    (revi,so<l    e.iition) — by 

I).  H,  llowlinn. 
Memoir  42.  K;.  t .  .\nlhnii<i(.-iiirnl    .-■,1,'..     The    double-curve    motive    in    north- 

ea.-!.ii.  .Aliioiikian  art     by  I'riink  (i.  Speik. 
MiMoiK  45.  So.  X.  An'hrnpiilnQ.riil    .Smu-.     The    inviiin«-in    f.'a.sf    of    the    Alaska 

Kskliiii>     bv  I'   W.  Ilaukes. 
Ueuoiii  49    S'l.  i,  Anllir'puluuKuil  Seru.t.    Malwitn  taloa-by   W.   H.  MochlinR. 
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